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SYSTEM AND METHODS FOR MANUFACTURING A COLOR FILTER USING A 

SCANNING INK JET HEAD 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0001] The present invention relates to a method and apparatus for manufacturing a 
color filter, a liquid-crystal display, an electroluminescence emission layer substrate, and an 
electroluminescence device. The present invention also relates to a scanning method and a 
scanning apparatus for a head that scans a substrate while ejecting a discharge material to the 
substrate. The present invention further relates to a method and apparatus for forming a film 
on a substrate. The present invention still further relates to an electrooptical device and a 
method for manufacturing the electrooptical device, and electronic equipment. 

2. Description of Related Art 

[0002] Currently, displays, such as a liquid-crystal display and an 
electroluminescence device, are widely used for electronic equipment, such as a mobile 
telephone or a mobile computer. The display of the electronic equipment typically presents a 
full-color display. 

[0003] The full-color display of the liquid-crystal display is presented by 
transmitting light modulated by a liquid-crystal layer through a color filter. The color filter is 
formed by arranging R (red), G (green), and B (blue) color filter dot elements in a 
predetermined layout such as a stripe configuration, a delta configuration, or a mosaic 
configuration on the surface of a substrate fabricated of glass, plastic, etc. 

[0004] In the electroluminescence device, an electroluminescence device can be 
formed by arranging R (red), G (green), and B (blue) color light emission layers in a 
predetermined layout, such as a stripe configuration, a delta configuration, or a mosaic 
configuration on the surface of a substrate fabricated of glass, plastic, etc. The light emission 
layer of the electroluminescence substrate is sandwiched between a pair of electrodes, 
forming a plurality of display dots. A current or voltage applied between the electrodes is 
controlled dot by dot to cause each display dot to emit light in a desired color. 

[0005] When the filter elements of R (red), G (green), and B (blue) of the 
conventional color filter are patterned, or when the light emission layers of R (red), G 
(green), and B (blue) of the conventional electroluminescence substrate are patterned, the 
photolithographic technique has been used. The photolithographic technique performs 
complex steps, such as exposure, development, and cleaning steps using pattern masks 
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different from display dot to display dot. A great deal of color material and photoresist are 
used, leading to costly units. 

[0006] To resolve this problem, methods have been proposed in which a filter 
material or a light emission layer forming material is ejected in dots using an ink-jet 
technique to produce the filter element or the light emission layer. The ink-jet technique uses 
an ink-jet head with a piezoelectric thin film element, for example. 

[0007] Through the ink-jet technique, ink for forming a pixel is stored in a pressure 
chamber of an ink-jet head, and is then ejected in response to a change in the volume of the 
pressure chamber due to the vibration of the piezoelectric element. A pixel is thus formed on 
the substrate of the color filter. The ink-jet technique heightens the production yield of the 
color filter. Furthermore, the ink-jet technique allows the amount of ink to be precisely 
controlled, thereby efficiently producing a high-resolution color filter. 

[0008] Fig. 25 and Fig. 26 illustrate methods for forming a filter element or a light 
emission layer in a dot-like configuration wherein a filter material and a light emission layer 
forming material is ejected using the ink-jet technique. 

[0009] Referring to Fig. 25(a), a plurality of panel regions 302 are formed on the 
surface of substrate (a mother substrate) 301 having a large area fabricated of glass or plastic. 
Referring to Fig. 25(b), a plurality of filter elements 303 arranged in a dot-like configuration 
are formed in the internal area of each of the panel regions 302. Referring to Fig. 25(c), an 
ink-jet head 306 having a nozzle row 305 formed of a plurality of nozzles 304 are used to 
form the plurality of filter elements 303 through the ink-jet technique. 

[0010] Referring to Fig. 25(b), the ink-jet head 306 is moved in a main scan 
operation in directions designated by an arrow Al and an arrow A2, a plurality of times for a 
single panel region 302, twice in Fig. 25(b). During the main scan, the plurality of nozzles 
304 selectively ejects ink, for example, a filter material, thereby forming a filter element 303 
at a desired location. 

[0011] The filter element 303 is formed by arranging R (red), G (green), and B 
(blue) colors in a stripe configuration, a delta configuration, a mosaic configuration, etc. 
When the filter element 303 is formed by the ink-jet head 306 shown in Fig. 25(b), three 
types of ink-jet heads 306 respectively ejecting the inks of the three colors of R (red), G 
(green), and B (blue) are prepared. The ink-jet heads 306 are then successively used for the 
three colors, thereby arranging the three colors of R (red), G (green), and B (blue) on a single 
mother substrate 301. 
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SUMMARY OF THE INVENTION 

[0012] The plurality of nozzles 304 forming a nozzle row 305 in the ink-jet head 
306 suffers from variations in the amount of ejected ink. For example, the ink-jet head 306 
has ink discharge characteristics Q as shown in Fig. 26(a), specifically, the amount of ejected 
ink is largest at the both ends of the nozzle row 305, next largest in the center of the nozzle 
row 305, and smallest in the middle between the end and the center of the nozzle row 305. 
The number of nozzles 304 is 180 in Fig. 26(a). 

[0013] When the ink-jet head 306 produces the filter elements 303 as illustrated in 
Fig. 25(b), dense streaks are formed in a formation area PI of the filter elements 303 
corresponding to both ends of the ink-jet head 306, and in a formation area P2 of the filter 
elements 303 corresponding to the center of the ink-jet head 306, because of variations in the 
amount of ejected ink. Thus, planar light transmissivity or light reflectivity of the color filter 
suffers from non-uniformity. There are times when very dense streaks appear in both the 
formation area PI and the formation area P2. 

[0014] When the color filter is produced through such an ink-jet method, the ink-jet 
head needs to be precisely moved so that the nozzle of the ink-jet head precisely scans the 
region of a pixel, namely, of a display dot and then ejects ink at an appropriate position. 
There are still no satisfactory solutions available to this problem. 

[0015] This problem is specifically discussed. Ink is ejected during the formation 
of the filter element or the light emission layer, namely, during the formation of the pixel. 
Color mixing could happen if ink to be deposited on one pixel formation region leaks into 
another adjacent pixel formation region. To prevent such color mixing, the nozzle must pass 
right above the pixel formation region, thereby depositing an ink drop to the center of the 
pixel as close as possible. If the nozzle is not positioned right above the pixel formation 
region, the nozzle must not eject ink. 

[0016] Besides such a problem, the spacing of pixels (namely, a filter element pitch 
or a pixel pitch) in the head line- feed direction (namely, a sub scan direction) never agrees 
with the spacing of nozzles (namely, a nozzle pitch) in the sub scan direction. If the ink-jet 
head is simply moved in a main scan operation, the ink-jet head has some nozzles unable to 
pass right above the pixel formation region, namely, some nozzles that must not be used. The 
utilization of the nozzles (namely, the printing efficiency of the nozzles) thus drops. 
Conventional solution to this problem is not satisfactory enough. 

[0017] The present invention has been developed in view of the problem, and it is 
an object of the present invention to increase the utilization of nozzles (the printing efficiency 
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of the nozzles) by causing all nozzles of an ink-jet head to precisely pass right over pixel 
formation regions during the scan of an ink-jet head when a color filter or an 
electroluminescence substrate is formed. 

[0018] It is another object of the present invention to make, uniform in plan view, 
optical characteristics of an optical member, such as light transmissivity characteristics of a 
color filter, color display characteristics of a liquid-crystal display, and light emission 
characteristics of a light emission layer by ejecting ink at an appropriate position on an object 
through precisely moving an ink-jet head with respect to the object. 

[0019] The above problem can be resolved when each of (W) and (P) is set to 
substantially equal an integer multiple of (D), wherein (W) is the spacing between the nozzle 
at one end of one head and the nozzle at an adjacent end of an adjacent head with the two 
nozzles closest to each other from among a plurality of ink-jet print heads, (P) is a sub 
scanning motion pitch of the print ink-jet head when the print ink-jet head (the liquid-drop 
ejecting mechanism) is moved in a head scan direction or a head line- feed direction (namely, 
a vertical direction) in a main scan operation and in a sub scan operation, and (D) is a 
constant layout pitch of the nozzles. The present invention provides a method and apparatus 
for manufacturing a color filter, a liquid-crystal display, an electroluminescence substrate, 
and an electroluminescence device, a film forming method and a film forming apparatus, an 
electrooptical device and a method for manufacturing the electrooptical device, and electronic 
equipment. 

[0020] A method of the present invention for manufacturing a color filter, can 
include a step of scanning a substrate for main scan by moving a plurality of heads in a head 
scan direction, each head having a plurality of nozzles arranged at a predetermined layout 
pitch, and a step of scanning the substrate for sub scan by moving the heads with a 
predetermined motion pitch in a head line-feed direction which is perpendicular to the head 
scan direction, and a step of ejecting a filter material through the plurality of nozzles to filter 
element formation regions of the substrate. A relational equation of W=mD (m is an integer 
of 2 or larger) substantially holds where (W) is the spacing between a nozzle at one end of a 
head and a nozzle at the adjacent end of an adjacent head, and (D) is the constant layout pitch 
of the nozzles, and wherein a relational equation of P=nD (n is an integer of 1 or larger) 
substantially holds where (P) is the sub scanning motion pitch of the heads and (D) is the 
constant layout pitch of the nozzles. 

[0021] This arrangement reduces the possibility that a single main scan of the head 
ejects a filter material to a pixel adjacent to a pixel for which the filter material is intended 
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when the head scans a formation area of the intended pixel. In all main scans, the nozzles 
that must not eject the filter material are reduced in number or entirely eliminated. The 
utilization of the nozzles (namely, printing efficiency) is thus enhanced. Filter elements are 
efficiently arranged for the number of scans of the head. 

[0022] With the filter material in an amount substantially equal to the actually 
required amount thereof, the filter elements are produced within a desired area. Unlike the 
photolithographic technique, the present invention does not need complex steps, such as 
exposure, development, and cleaning steps. Furthermore, the present invention reduces the 
amount of filter material consumed in production. 

[0023] In the method for manufacturing a color filter, preferably, the heads can be 
arranged at an angle 0 with respect to the head line-feed direction, the angle 9 being within a 
range of O°<0<18O°, a relational equation of W=mD cos 0 (m is an integer of 2 or larger) 
substantially holds where (W) is the spacing between a nozzle at one end of a head and a 
nozzle at the adjacent end of an adjacent head, and (D cos 0) is the layout pitch of the nozzles 
in the head line-feed direction. A relational equation P=nD cos 0 (n is an integer of 1 or 
larger) substantially holds where (P) is the sub scanning motion pitch of the heads in the head 
line- feed direction and (D cos 0) is the layout pitch of the nozzles in the head line- feed 
direction. 

[0024] In this arrangement, the spacing between the filter elements in the sub scan 
direction (namely, a filter element pitch) substantially equals an integer multiple of the nozzle 
layout pitch. All nozzles in the liquid-drop material discharge head (the ink-jet head) are 
efficiently used to form the filter elements. 

[0025] In the method for manufacturing a color filter, preferably, the nozzle 
positioned at the end of the head is designed not to eject the filter material to the filter 
element formation region of the substrate. 

[0026] In this arrangement, the liquid-drop material discharge head (the ink-jet 
head) ejects an appropriate amount of ink even when the liquid-drop material discharge head 
having substantial variations in distribution characteristics of the ejected filter material is 
used. For this reason, a filter element having a uniform planar configuration and a uniform 
thickness is formed in the filter element formation region of the substrate, namely, the pixel 
formation region. Variations in color from pixel to pixel are thus controlled. 

[0027] In the method for manufacturing a color filter, the filter material contains 
liquid materials of a plurality of colors, and the plurality of nozzles in each of the plurality of 
heads ejects a liquid material of one of the plurality of colors. 
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[0028] If all heads eject the liquid material of one color, another device for a 
different color must be used to apply the different color or the liquid material must be 
replaced with the different color material. In accordance with the above arrangement, color 
materials different in color are respectively and concurrently ejected from respective heads. 
This arrangement enhances the utilization of the nozzles, namely, the printing efficiency of 
the nozzles when the filter elements are formed in the element formation regions or the pixel 
formation regions of the substrate. 

[0029] The plurality of colors typically refers to the three types of ink of R (red), G 
(green), and B (blue). Alternatively, C (cyan), M (magenta), and Y (yellow) may be used. 

[0030] In the method for manufacturing a color filter, the filter material contains 
liquid materials of a plurality of colors, and the plurality of nozzles in each of the plurality of 
heads respectively ejects the liquid materials of the plurality of colors. 

[0031] If the nozzles in each head eject a liquid material of one color, in other 
words, all nozzles in one head eject the liquid material of the same type, another device for a 
different color must be used to apply the different color or the liquid material must be 
replaced with the different color material. In accordance with the above arrangement, color 
materials different in color are respectively and concurrently ejected from respective nozzles. 
This arrangement enhances the printing efficiency of the nozzles when the filter elements are 
formed in the element formation regions or the pixel formation regions of the substrate. 

[0032] The plurality of colors typically refers to the three types of ink of R (red), G 
(green), and B (blue). Alternatively, C (cyan), M (magenta), and Y (yellow) may be used. 

[0033] An apparatus of the present invention for manufacturing a color filter, 
includes a plurality of nozzles for ejecting a filter material in droplets, a plurality of heads, 
each head having a plurality of nozzles arranged with a constant layout pitch of (D), main 
scan driving means for moving the heads in a head scan direction, and sub scan driving 
means for moving the heads with a predetermined motion pitch (P) in a head line-feed 
direction which is perpendicular to the head scan direction, wherein a relational equation of 
W=mD (m is an integer of 2 or larger) substantially holds where (W) is the spacing between a 
nozzle at one end of a head and a nozzle at the adjacent end of an adjacent head, and (D) is 
the constant layout pitch of the nozzles, and wherein a relational equation of P=nD (n is an 
integer of 1 or larger) substantially holds where (P) is the sub scanning motion pitch of the 
heads and (D) is the constant layout pitch of the nozzles. 

[0034] This arrangement reduces the possibility that a single main scan of the head 
ejects a filter material to a pixel adjacent to a pixel for which the filter material is intended 
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when the head scans a formation area of the intended pixel. In all main scans, the nozzles 
that must not eject the filter material are reduced in number or entirely eliminated. The 
utilization of the nozzles (namely, the printing efficiency of the nozzles) is thus enhanced. 
Filter elements are efficiently arranged for the number of scans of the head. 

[0035] In the apparatus for manufacturing a color filter, the heads are arranged at an 
angle 0 with respect to the head line- feed direction, the angle 0 being within a range of 
O°<0<18O°, a relational equation of W=mD cos 0 (m is an integer of 2 or larger) substantially 
holds where (W) is the spacing between a nozzle at one end of a head and a nozzle at the 
adjacent end of an adjacent head, and (D cos 0) is the layout pitch of the nozzles in the head 
line- feed direction. A relational equation P=nD cos 0 (n is an integer of 1 or larger) 
substantially holds where (P) is the sub scanning motion pitch of the heads in the head line- 
feed direction and (D cos 0) is the layout pitch of the nozzles in the head line-feed direction. 

[0036] In this arrangement, the spacing between the filter elements in the sub scan 
direction (namely, a filter element pitch) substantially equals an integer multiple of the nozzle 
layout pitch. All nozzles in the liquid-drop material discharge head (the ink-jet head) are 
efficiently used to form the filter elements. 

[0037] In the method for manufacturing a liquid-crystal display including a step of 
forming a color filter, the color filter is preferably formed in accordance with the above- 
referenced method for manufacturing a color filter. The manufacturing method for 
manufacturing the color filter efficiently produces the liquid-crystal display having the color 
filter with excellent optical characteristics and featuring color display characteristics uniform 
in plan view. 

[0038] In the apparatus for manufacturing a liquid-crystal display including a color 
filter, the apparatus for manufacturing the liquid-crystal display includes the apparatus for 
manufacturing the color filter. The apparatus for manufacturing the liquid-crystal display 
efficiently produces the liquid-crystal display having a color filter with excellent optical 
characteristics and featuring color display characteristics uniform in plan view. 

[0039] A method of the present invention for manufacturing an electroluminescence 
substrate, includes a step of scanning a substrate for main scan by moving a plurality of heads 
in a head scan direction, each head having a plurality of nozzles arranged with a 
predetermined layout pitch, a step of scanning the substrate for sub scan by moving the heads 
with a predetermined motion pitch in a head line- feed direction which is perpendicular to the 
head scan direction, and a step of ejecting a functional layer forming material through the 
plurality of nozzles to functional layer forming regions of the substrate. A relational equation 
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of W=mD (m is an integer of 2 or larger) substantially holds where (W) is the spacing 
between a nozzle at one end of a head and a nozzle at the adjacent end of an adjacent head, 
and (D) is the constant layout pitch of the nozzles. A relational equation of P=nD (n is an 
integer of 1 or larger) substantially holds where (P) is the sub scanning motion pitch of the 
heads and (D) is the constant layout pitch of the nozzles. 

[0040] This arrangement reduces the possibility that a single main scan of the head 
ejects a functional layer forming material to a functional layer formation region adjacent to a 
functional layer formation region for which the functional layer material is intended when the 
head scans the intended functional layer formation region. In all main scans, the nozzles that 
must not eject the filter material are reduced in number or entirely eliminated. The utilization 
of the nozzles (namely, the printing efficiency nozzles) is thus enhanced. Filter elements are 
efficiently arranged for the number of scans of the head. 

[0041] With the functional layer material in an amount substantially equal to the 
actually required amount thereof, the functional layers are produced within a desired area. 
Unlike the photolithographic technique, the present invention does not need complex steps, 
such as exposure, development, and cleaning steps. Furthermore, the present invention 
reduces the amount of functional layer material consumed in production. 

[0042] In the method for manufacturing an electroluminescence, the heads are 
arranged at an angle 9 with respect to the head line-feed direction, the angle 0 being within a 
range of O°<0<18O°, a relational equation of W=mD cos 0 (m is an integer of 2 or larger) 
substantially holds where (W) is the spacing between a nozzle at one end of a head and a 
nozzle at the adjacent end of an adjacent head, and (D cos 0) is the layout pitch of the nozzles 
in the head line-feed direction. A relational equation P=nD cos 0 (n is an integer of 1 or 
larger) substantially holds where (P) is the sub scanning motion pitch of the heads in the head 
line- feed direction and (D cos 0) is the layout pitch of the nozzles in the head line-feed 
direction. 

[0043] In this arrangement, the spacing between the functional layers in the sub 
scan direction (namely, a functional layer pitch) substantially equals an integer multiple of 
the nozzle layout pitch. All nozzles in the liquid-drop material discharge head (the ink-jet 
head) are efficiently used to form the functional layers. 

[0044] In the method for manufacturing an electroluminescence substrate, the 
nozzle positioned at the end of the head is designed not to eject the functional layer forming 
material to the functional layer formation region of the substrate. 
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[0045] In this arrangement, the liquid-drop material discharge head (the ink-jet 
head) ejects an appropriate amount of liquid material even when the liquid-drop material 
discharge head (the ink-jet head) having substantial variations in distribution characteristics 
of the ejected functional layer forming material, namely, the liquid material is used. For this 
reason, the functional layer having a uniform planar configuration and a uniform thickness is 
formed in a functional layer formation region of the substrate, namely, the pixel formation 
region. Variations in color from pixel to pixel, in other words, from functional layer to 
functional layer, are thus controlled. Colors with variations thereof controlled include blue- 
based colors which have characteristic spectral transmittance and spectral reflectance (Yxy). 

[0046] In the method for manufacturing an electroluminescence substrate, the 
functional layer forming material is preferably a light emission layer forming material. 

[0047] In the method for manufacturing an electroluminescence substrate, the 
functional layer forming material is preferably a hole injection and transport layer forming 
material. 

[0048] In the method for manufacturing an electroluminescence substrate, the 
functional layer forming material preferably includes a material selected from the group 
consisting of a light emission layer forming material and a hole injection and transport layer 
forming material. 

[0049] In the method for manufacturing an electroluminescence substrate, 
preferably, the light emission layer forming material contains a plurality of materials different 
from each other in emission color, and the plurality of nozzles in each head ejects one of the 
plurality of materials different from each other in emission color. If all heads eject the light 
emission material of one color, another device for a different color must be used to apply the 
different color or the light emission layer forming material must be replaced with the 
different color material. In accordance with the above arrangement, light emission layer 
forming materials different in color are respectively and concurrently ejected from respective 
heads. This arrangement enhances the printing efficiency, namely, the utilization of the 
nozzles when the light emission layers are formed in the light emission layer formation 
regions, namely, the pixel formation regions of the substrate. 

[0050] The plurality of colors typically refers to the three types of ink of R (red), G 
(green), and B (blue). Alternatively, light emission layer forming materials of C (cyan), M 
(magenta), and Y (yellow) may be used. 

[0051] In the method for manufacturing an electroluminescence substrate, the light 
emission layer forming material contains a plurality of materials different from each other in 
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emission color, and each of the plurality of nozzles in each head ejects a respective one of the 
plurality of materials different from each other in emission color. 

[0052] If the nozzles in each head eject a light emission layer forming material of 
one color, in other words, all nozzles in one head eject the light emission layer forming 
material of the same type, another device for a different color must be used to apply the 
different color or the light emission layer forming material must be replaced with the 
different color material. In accordance with the above arrangement, color materials different 
in color are respectively and concurrently ejected from respective nozzles. This arrangement 
enhances the printing efficiency when the light emission layers are formed in the light 
emission layer formation regions or the pixel formation regions of the substrate. 

[0053] The plurality of colors typically refers to the three types of light emission 
layer forming materials of R (red), G (green), and B (blue). Alternatively, C (cyan), M 
(magenta), and Y (yellow) may be used. 

[0054] An apparatus of the present invention for manufacturing an 
electroluminescence substrate, includes a plurality of nozzles for ejecting a functional layer 
forming material in droplets, a plurality of heads, each head having a plurality of nozzles 
arranged with a constant layout pitch of (D), main scan driving means for moving the heads 
in a head scan direction, and sub scan driving means for moving the heads with a 
predetermined motion pitch (P) in a head line-feed direction which is perpendicular to the 
head scan direction. A relational equation of W=mD (m is an integer of 2 or larger) 
substantially holds where (W) is the spacing between a nozzle at one end of a head and a 
nozzle at the adjacent end of an adjacent head, and (D) is the constant layout pitch of the 
nozzles. A relational equation of P=nD (n is an integer of 1 or larger) substantially holds 
where (P) is the sub scanning motion pitch of the heads and (D) is the constant layout pitch of 
the nozzles. 

[0055] This arrangement reduces the possibility that a single main scan of the head 
ejects a functional layer forming material to a functional layer formation region, namely, a 
pixel, adjacent to a functional layer formation region for which the functional layer forming 
material is intended for when the head scans the intended functional layer formation region, 
namely, the intended formation region of the pixel. In all main scans, the nozzles that must 
not eject the functional layer forming material are reduced in number or entirely eliminated. 
The utilization of the nozzles (namely, the printing efficiency of the nozzles) is thus 
enhanced. The functional layers are efficiently arranged for the number of scans of the head. 
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[0056] With the functional layer material in an amount substantially equal to the 
actually required amount thereof, the functional layers are produced within a desired area. 
Unlike the photolithographic technique, the present invention does not need complex steps, 
such as exposure, development, and cleaning steps. Furthermore, the present invention 
reduces the amount of filter material consumed in production. 

[0057] In the apparatus for manufacturing an electroluminescence substrate, the 
heads are arranged at an angle 0 with respect to the head line- feed direction, the angle 0 being 
within a range of O°<0<18O°, a relational equation of W=mD cos 0 (m is an integer of 2 or 
larger) substantially holds where (W) is the spacing between a nozzle at one end of a head 
and a nozzle at the adjacent end of an adjacent head, and (D cos 0) is the layout pitch of the 
nozzles in the head line-feed direction, and a relational equation P=nD cos 0 (n is an integer 
of 1 or larger) substantially holds where (P) is the sub scanning motion pitch of the heads in 
the head line-feed direction and (D cos 0) is the layout pitch of the nozzles in the head line- 
feed direction. 

[0058] In this arrangement, the spacing between the functional layers in the sub 
scan direction (namely, a functional layer pitch) substantially equals an integer multiple of 
the nozzle layout pitch. All nozzles in the liquid-drop material discharge head (the ink-jet 
head) are efficiently used to form the functional layers. 

[0059] In the method for manufacturing an electroluminescence device, including a 
step of forming a functional layer, the functional layer is formed in accordance with the 
above-referenced method for manufacturing the electroluminescence substrate. The method 
for manufacturing the electroluminescence device efficiently produces the 
electroluminescence device having the electroluminescence substrate excellent in optical 
characteristics and featuring uniform display characteristics in plan view. 

[0060] In the apparatus for manufacturing an electroluminescence device including 
an electroluminescence substrate, the apparatus for manufacturing the electroluminescence 
device includes the apparatus for manufacturing the above-referenced electroluminescence 
substrate. The apparatus for manufacturing the electroluminescence device efficiently 
produces the electroluminescence device having the electroluminescence substrate excellent 
in optical characteristics and featuring uniform display characteristics in plan view. 

[0061] A head scanning method of the present invention includes a step of scanning 
a substrate for main scan by moving a plurality of heads in a head scan direction, each head 
having a plurality of nozzles arranged with a predetermined layout pitch, a step of scanning 
the substrate for sub scan by moving the heads with a predetermined motion pitch in a head 
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line-feed direction which is perpendicular to the head scan direction, and a step of ejecting a 
discharge material through the plurality of nozzles to the substrate. A relational equation of 
W=mD (m is an integer of 2 or larger) substantially holds where (W) is the spacing between a 
nozzle at one end of a head and a nozzle at the adjacent end of an adjacent head, and (D) is 
the constant layout pitch of the nozzles. A relational equation of P=nD (n is an integer of 1 or 
larger) substantially holds where (P) is the sub scanning motion pitch of the heads and (D) is 
the constant layout pitch of the nozzles. 

[0062] This arrangement reduces the possibility that a single main scan of the head 
ejects a discharge material to an element adjacent to an element for which the discharge 
material is intended when the head scans the intended element. In all main scans, the nozzles 
that must not eject the discharge material are reduced in number or entirely eliminated. The 
utilization of the nozzles (namely, the printing efficiency of the nozzles) is thus enhanced. 
The discharge materials are efficiently arranged for the number of scans of the head. 

[0063] With the discharge material in an amount substantially equal to the actually 
required amount thereof, the elements are produced within a desired area. Unlike the 
photolithographic technique, the present invention does not need complex steps, such as 
exposure, development, and cleaning steps. Furthermore, the present invention reduces the 
amount of discharge material consumed in production. The above-referenced head scanning 
method finds applications in a wide range of industrial use in which a fine pattern is formed 
on a substrate. For example, the head scanning method may be applied in the formation of a 
variety of semiconductor devices (such as thin-film transistors, thin-film diodes), wiring 
patterns, and insulators. 

[0064] The discharge material may be any material depending on the element to be 
formed. For example, besides the filter material and the functional layer forming material, 
the discharge material may be a silica glass precursor, an electrically conductive material 
such as a metallic compound, a dielectric material, or a semiconductor material. 

[0065] In the head scanning method, the heads are arranged at an angle 0 with 
respect to the head line-feed direction, the angle 0 being within a range of O°<0<18O°, a 
relational equation of W=mD cos 0 (m is an integer of 2 or larger) substantially holds where 
(W) is the spacing between a nozzle at one end of a head and a nozzle at the adjacent end of 
an adjacent head, and (D cos 0) is the layout pitch of the nozzles in the head line- feed 
direction. A relational equation P=nD cos 0 (n is an integer of 1 or larger) substantially holds 
where (P) is the sub scanning motion pitch of the heads in the head line-feed direction and (D 
cos 0) is the layout pitch of the nozzles in the head line-feed direction. 
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[0066] In this arrangement, the spacing between the elements in the sub scan 
direction substantially equals an integer multiple of the nozzle layout pitch. All nozzles in 
the liquid-drop material discharge head (the ink-jet head) are efficiently used to deposit the 
discharge material. 

[0067] In the head scanning method, the nozzle positioned at the end of the head is 
designed not to eject the discharge material to a discharge material deposit region of the 
substrate. 

[0068] In this arrangement, the liquid-drop material discharge head (the ink-jet 
head) ejects an appropriate amount of discharge object, namely, discharge material even 
when the liquid-drop material discharge head (the ink-jet head) having substantial variations 
in distribution characteristics of the discharge object is used. For this reason, the element 
having a uniform planar configuration and a uniform thickness is formed in an element 
formation region of the substrate, namely, the pixel formation region. Variations in color 
from element to element are thus controlled. 

[0069] In the head scanning method, preferably, the discharge material contains a 
plurality of materials different from each other in characteristics, and the plurality of nozzles 
in each head ejects one of the plurality of materials different from each other in the 
characteristics. If all heads eject the discharge material of one color, another device for a 
different color must be used to apply the different color or the discharge material must be 
replaced with a discharge material of different color. In accordance with the above 
arrangement, discharge materials different in characteristics are respectively and concurrently 
ejected from respective heads. This arrangement enhances the printing efficiency of the 
nozzles, namely, the utilization of the nozzles when the elements are formed in the element 
formation regions or the pixel formation regions of the substrate. 

[0070] In the head scanning method, the discharge material contains a plurality of 
materials different from each other in characteristics, and each of the plurality of nozzles in 
each head ejects a respective one of the plurality of materials different from each other in the 
characteristics. If the nozzles in each head eject a discharge material of one color, in other 
words, all nozzles in one head eject the discharge material of the same type, another device 
for a different color must be used to apply the different color or the discharge material must 
be replaced with a discharge material of the different color. In accordance with the above 
arrangement, discharge materials different in characteristics are respectively and concurrently 
ejected from respective nozzles. This arrangement enhances the printing efficiency when the 
elements are formed in element formation regions of the substrate. 
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[0071] A head scanning apparatus of the present invention can include a plurality of 
nozzles for ejecting a discharge material in droplets, a plurality of heads, each head having a 
plurality of nozzles arranged with a constant layout of pitch of (D), main scan driving means 
for moving the heads in a head scan direction, and sub scan driving means for moving the 
heads with a predetermined motion pitch (P) in a head line-feed direction which is 
perpendicular to the head scan direction. A relational equation of W=mD (m is an integer of 
2 or larger) substantially holds where (W) is the spacing between a nozzle at one end of a 
head and a nozzle at the adjacent end of an adjacent head, and (D) is the constant layout pitch 
of the nozzles. A relational equation of P=nD (n is an integer of 1 or larger) substantially 
holds where (P) is the sub scanning motion pitch of the heads and (D) is the constant layout 
pitch of the nozzles. 

[0072] This arrangement reduces the possibility that a single main scan of the head 
ejects a discharge object, namely, ink to an element adjacent to an element for which the 
discharge object is intended when the head scans the intended element. In all main scans, the 
nozzles that must not eject the discharge material are reduced in number or entirely 
eliminated. The utilization of the nozzles (namely, the printing efficiency of the nozzles) is 
thus enhanced. The elements are efficiently arranged for the number of scans of the head. 

[0073] With the discharge material in an amount substantially equal to the actually 
required amount thereof, the elements are produced within a desired area. Unlike the 
photolithographic technique, the present invention does not need complex steps, such as 
exposure, development, and cleaning steps. Furthermore, the present invention reduces the 
amount of discharge material consumed in production. 

[0074] In the head scanning apparatus, the heads are arranged at an angle 0 with 
respect to the head line- feed direction, the angle 0 being within a range of O°<0<18O°, a 
relational equation of W=mD cos 0 (m is an integer of 2 or larger) substantially holds where 
(W) is the spacing between a nozzle at one end of a head and a nozzle at the adjacent end of 
an adjacent head, and (D cos 0) is the layout pitch of the nozzles in the head line-feed 
direction. A relational equation P=nD cos 0 (n is an integer of 1 or larger) substantially holds 
where (P) is the sub scanning motion pitch of the heads in the head line-feed direction and (D 
cos 0) is the layout pitch of the nozzles in the head line-feed direction. 

[0075] In this arrangement, the spacing between the elements in the sub scan 
direction substantially equals an integer multiple of the nozzle layout pitch. All nozzles in 
the liquid-drop material discharge head (the ink-jet head) are efficiently used to form the 
elements. 
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[0076] A film forming method of the present invention includes a step of scanning a 
substrate for main scan by moving a plurality of heads in a head scan direction, each head 
having a plurality of nozzles arranged with a predetermined layout pitch, a step of scanning 
the substrate for sub scan by moving the heads with a predetermined motion pitch in a head 
line-feed direction which is perpendicular to the head scan direction, and a step of ejecting a 
film forming material through the plurality of nozzles to film formation regions of the 
substrate. A relational equation ofW»mD (m is an integer of 2 or larger) holds where (W) is 
the spacing between a nozzle at one end of a head and a nozzle at the adjacent end of an 
adjacent head, and (D) is the constant layout pitch of the nozzles. A relational equation of 
PssnD (n is an integer of 1 or larger) holds where (P) is the sub scanning motion pitch of the 
heads and (D) is the constant layout pitch of the nozzles. 

[0077] This arrangement reduces the possibility that a single main scan of the head 
ejects a film forming material to a region adjacent to a region for which the film forming 
material is intended (hereinafter referred to as a discharge target region) when the head scans 
the discharge target region. In all main scans, the nozzles that must not eject the film forming 
material are reduced in number or entirely eliminated. The utilization of the nozzles (namely, 
the printing efficiency of the nozzles) is thus enhanced. The films are efficiently formed for 
the number of scans of the head. 

[0078] With the film forming material in an amount substantially equal to the 
actually required amount thereof, the films are produced within a desired area. Unlike the 
photolithographic technique, the present invention does not need complex steps, such as 
exposure, development, and cleaning steps. Furthermore, the present invention reduces the 
amount of film forming material consumed in production. 

[0079] In the film forming method, the heads are arranged at an angle 0 with 
respect to the head line-feed direction, the angle 0 being within a range of O°<0<18O°, a 
relational equation of W«mD cos 0 (m is an integer of 2 or larger) holds where (W) is the 
spacing between a nozzle at one end of a head and a nozzle at the adjacent end of an adjacent 
head, and (D cos 0) is the layout pitch of the nozzles in the head line-feed direction. A 
relational equation P«nD cos 0 (n is an integer of 1 or larger) holds where (P) is the sub 
scanning motion pitch of the heads in the head line-feed direction and (D cos 0) is the layout 
pitch of the nozzles in the head line- feed direction. 

[0080] In this arrangement, the spacing between the discharge target regions in the 
sub scan direction substantially equals an integer multiple of the nozzle layout pitch. All 



16 

nozzles in the liquid-drop material discharge head (the ink-jet head) are efficiently used to 
eject the film forming material. 

[0081] In the film forming method, the nozzle positioned at the end of the head is 
designed not to eject the film forming material to the film formation region of the substrate. 

[0082] In this arrangement, the liquid-drop material discharge head (the ink-jet 
head) ejects an appropriate amount of film forming material, namely, a liquid material even 
when the liquid-drop material discharge head (the ink-jet head) having substantial variations 
in distribution characteristics of the ejected film forming material is used. For this reason, the 
film having a uniform planar configuration and a uniform thickness is formed in a film 
formation region of the substrate. Variations in characteristics from position to position are 
thus controlled. 

[0083] In the film forming method, preferably, the film forming material contains a 
plurality of materials different from each other in characteristics, and the plurality of nozzles 
in each head ejects one of the plurality of materials different from each other in the 
characteristics. If all heads eject the film forming material of one type, another device for the 
film forming material of a different type must be used to apply the different type or the film 
forming material must be replaced with the film forming material of different type. In 
accordance with the above arrangement, film forming materials different in characteristics are 
respectively and concurrently ejected from respective heads. This arrangement enhances the 
utilization of the nozzles, namely, the printing efficiency of the nozzles when the film 
forming materials are ejected to film formation regions of the substrate. 

[0084] In the film forming method, preferably, the film forming material contains a 
plurality of materials different from each other in characteristics, and each of the plurality of 
nozzles in each head ejects a respective one of the plurality of materials different from each 
other in the characteristics. If the nozzles in each head eject a film forming material of one 
type, another device for another type of film forming material must be used to apply the other 
type or the film forming material must be replaced with a film forming material of the 
different type. In accordance with the above arrangement, film forming materials different in 
characteristics are respectively and concurrently ejected from respective nozzles. This 
arrangement enhances the printing efficiency of the nozzles when the film forming materials 
are ejected to film formation regions of the substrate. 

[0085] A film forming apparatus of the present invention includes a plurality of 
nozzles for ejecting a film forming material in droplets, a plurality of heads, each head having 
a plurality of nozzles arranged with a constant layout of pitch of (D), main scan driving 
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means for moving the heads in a head scan direction, and sub scan driving means for moving 
the heads with of a predetermined motion pitch (P) in a head line-feed direction which is 
perpendicular to the head scan direction. A relational equation ofW»mD (m is an integer of 
2 or larger) holds where (W) is the spacing between a nozzle at one end of a head and a 
nozzle at the adjacent end of an adjacent head, and (D) is the constant layout pitch of the 
nozzles. A relational equation of P«nD (n is an integer of 1 or larger) holds where (P) is the 
sub scanning motion pitch of the heads and (D) is the constant layout pitch of the nozzles. 

[0086] This arrangement reduces the possibility that a single main scan of the head 
ejects a film forming material to a region adjacent to a region for which the film forming 
material is intended (hereinafter referred to as a discharge target region) when the head scans 
the discharge target region. In all main scans, the nozzles that must not eject the film forming 
material are reduced in number or entirely eliminated. The utilization of the nozzles (namely, 
the printing efficiency of the nozzles) is thus enhanced. The films are efficiently formed for 
the number of scans of the head. 

[0087] With the film forming material in an amount substantially equal to the 
required amount thereof, the films are produced within a desired area. Unlike the 
photolithographic technique, the present invention does not need complex steps, such as 
exposure, development, and cleaning steps. Furthermore, the present invention reduces the 
amount of film forming material consumed in production. 

[0088] In the film forming apparatus, the heads are arranged at an angle 0 with 
respect to the head line-feed direction, the angle 0 being within a range of O°<0<18O°. A 
relational equation ofW»mD cos 0 (m is an integer of 2 or larger) holds where (W) is the 
spacing between a nozzle at one end of a head and a nozzle at the adjacent end of an adjacent 
head, and (D cos 0) is the layout pitch of the nozzles in the head line- feed direction. A 
relational equation PwnD cos 0 (n is an integer of 1 or larger) holds where (P) is the sub 
scanning motion pitch of the heads in the head line-feed direction and (D cos 0) is the layout 
pitch of the nozzles in the head line-feed direction. 

[0089] In this arrangement, the spacing between the discharge target regions in the 
sub scan direction substantially equals an integer multiple of the nozzle layout pitch. All 
nozzles in the liquid-drop material discharge head (the ink-jet head) are efficiently used to 
eject the film forming material. 

[0090] A method of the present invention for manufacturing an electrooptical 
device uses the film forming method described above. 
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[0091] An electrooptical device of the present invention is manufactured in 
accordance with the method for manufacturing an electrooptical device described above. 

[0092] Electronic equipment of the present invention includes the electrooptical 
device described above. 

[0093] Electronic equipment includes a liquid-crystal display manufactured in 
accordance with the method for manufacturing the liquid-crystal display described above. 

[0094] Electronic equipment includes the electroluminescence device manufactured 
in accordance with the method for manufacturing an electroluminescence device described 
above. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0095] The invention will be described with reference to the accompanying 

drawings, wherein like numerals reference like elements, and wherein: 

[0096] Figs. 1(a) and 1(b) are plan views illustrating major process steps of a 

method for manufacturing a color filter in accordance with one embodiment of the present 

invention; 

[0097] Fig. 2 is a plan view illustrating a method for manufacturing the color filter 
in accordance with another embodiment of the present invention, wherein an ink-jet head 
(liquid-drop material discharge head) 22 is arranged at an inclination angle 0 with respect to a 
head line- feed direction Y; 

[0098] Figs. 3(a) through 3(d) are perspective views illustrating one example of a 
print head (liquid-drop material discharge mechanism) for use in an apparatus of the present 
invention for manufacturing the color filter; 

[0099] Fig. 4 is a plan view illustrating another example of the print head (liquid- 
drop material discharge mechanism) for use in the apparatus of the present invention for 
manufacturing the color filter; 

[0100] Figs. 5(a) and 5(b) are plan views illustrating the color filter manufactured in 
accordance with the method and apparatus of the present invention for manufacturing the 
color filter, wherein Fig. 5(a) illustrates an entire mother substrate prior to dicing into color 
filters, and Fig. 5(b) illustrates a single color filter diced from the mother substrate; 

[0101] Figs. 6(a) through 6(d) are cross-sectional views illustrating the structure of 
the color filter in major process steps in the method of the present invention for 
manufacturing the color filter, taken along line VII- VII in Fig. 5(b), wherein Fig. 6(a) 
illustrates the color filter prior to the ejection of a filter material, Fig. 6(b) illustrates the color 
filter immediately subsequent to the ejection of the filter material, Fig. 6(c) illustrates the 
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color filter with a filter element arranged, and Fig. 6(d) illustrates the color filter with a 
protective film formed thereon; 

[0102] Figs. 7(a) through 7(c) are plan views illustrating configuration examples of 
three display dots of R (red), G (green), and B (blue) colors in color filter; 

[0103] Fig. 8 is a perspective view of one embodiment of ink-jet device (liquid- 
drop material discharge device) forming a major portion of one of the apparatus for 
manufacturing the color filter, the apparatus for manufacturing a liquid-crystal display, and 
the apparatus for manufacturing an electroluminescence device, in accordance with the 
present invention; 

[0104] Fig. 9 is an enlarged perspective view of a major portion of the ink-jet 
device illustrated in Fig. 8; 

[0105] Fig. 10 is an enlarged perspective view of the ink-jet head (liquid-drop 
material discharge head) as a major portion of the ink-jet means in Fig. 9; 

[0106] Fig. 1 1 is a perspective view of a modification of the ink-jet head (liquid- 
drop material discharge head); 

[0107] Fig. 12 is a plan view of another modification of the ink-jet head (liquid- 
drop material discharge head); 

[0108] Fig. 13 is a plan view of yet another modification of the ink-jet head (liquid- 
drop material discharge head); 

[0109] Fig. 14 is a plan view of still another modification of the ink-jet head 
(liquid-drop material discharge head); 

[0110] Figs. 15(a) and 15(b) illustrate the internal structure of the ink-jet head 
(liquid-drop material discharge head), wherein Fig. 15(a) is a perspective view with the 
internal structure partly broken away, and Fig. 15(b) is a cross-sectional view of the ink-jet 
head taken along line J-J in Fig. 15(a); 

[0111] Fig. 16 is a plan view of a still further modification of the ink-jet head 
(liquid-drop material discharge head); 

[0112] Fig. 17 is a block diagram of an electrical control system for use in the ink- 
jet head (liquid-drop material discharge head) illustrated in Fig. 8; 

[0113] Fig. 18 is a flow diagram illustrating the control flow carried out by the 
control system illustrated in Fig. 17; 

[0114] Fig. 19 is a perspective view of a still further modification of the ink-jet 
head (liquid-drop material discharge head); 
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[0115] Fig. 20 is a process chart of a method of the present invention for 
manufacturing a liquid-crystal display in accordance with one embodiment of the present 
invention; 

[0116] Fig. 21 is an exploded perspective view of the liquid-crystal display 
manufactured in accordance with the manufacturing method of the present invention of the 
liquid-crystal display; 

[0117] Fig. 22 is a cross-sectional view illustrating the liquid-crystal display taken 
along line X-X in Fig. 21 ; 

[0118] Fig. 23 is a process chart of a method for manufacturing an 
electroluminescence device in accordance with one embodiment of the present invention; 

[0119] Figs. 24(a) through 24(d) are cross-sectional views of the 
electroluminescence device manufactured in accordance with the process chart illustrated in 
Fig. 23; 

[0120] Figs. 25(a), 25(b) and 25(c) are plan views illustrating a conventional 
method for manufacturing a color filter; 

[0121] Figs. 26(a) and 26(b) illustrate characteristics of a conventional color filter; 

[0122] Fig. 27 is a perspective view of a digital still camera as one example of 
electronic equipment in accordance with one embodiment of the present invention; and 

[0123] Figs. 28(A)-28(C) illustrate examples of the electronic equipment of the 
present invention, wherein Fig. 28(A) illustrates a mobile telephone, Fig. 28(B) illustrates a 
wristwatch, and Fig. 28(C) illustrates a mobile information terminal. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0124] The embodiments of the present invention are discussed below specifically 
referring to the drawings. Fig. 1 illustrates the operation of an ink-jet head (a liquid-drop 
material discharge head) 22 used in the method for manufacturing a color filter in accordance 
with one embodiment of the present invention. This embodiment uses a print head (a liquid- 
drop material discharge mechanism) 22a in which at least one ink-jet head (a liquid-drop 
material discharge head) 22 is arranged at predetermined intervals. Each ink-jet head (liquid- 
drop material discharge head) 22 includes a plurality of nozzles 27 arranged in a row with a 
predetermined layout pitch D. 

[0125] The print head (liquid-drop material discharge mechanism) 22a scans a 
substrate 2 for main scan in a head scan direction at a fixed direction (namely, an X direction 
which is a vertical direction in Fig. 1(a)) while scans, with a predetermined motion pitch P, 
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the substrate 2 for sub scan in a head line-feed direction (namely, a Y direction which is a 
horizontal direction in Fig. 1(a)) which is perpendicular to the head scan direction X. 

[0126] Each ink-jet head (liquid-drop material discharge head) 22 ejects a filter 
material as ink from each of the plurality of nozzles 27. The ejected filter materials are 
selectively deposited on a plurality of filter element formation regions 7, namely, pixel 
formation regions on the substrate 2. As required, the ink-jet head (liquid-drop material 
discharge head) 22 repeats the main scan and the sub scan, thereby depositing the filter 
material on the filter element formation region 7 of the substrate 2 to a predetermined shape 
and to a predetermined thickness. In this way, a filter element 3 having the predetermined 
shape and the predetermined thickness, namely, the pixel is formed on the substrate 2. 

[0127] When color is presented using the filter elements 3 corresponding to the 
three primary colors of R (red), G (green), and B (blue) in accordance with the present 
embodiment, a single filter element 3 forms a single display dot, and three display dots of R 
(red), G (green), and B (blue) form a single pixel as a unit. 

[0128] In the present embodiment, let "D" represent the constant layout pitch of the 
nozzles 27 and let " W" represent the spacing between two closest nozzles 27 at the closest 
ends of the two adjacent ink-jet head (liquid-drop material discharge head) 22, and the 
following equation holds: 

[0129] W=mD (m is an integer of 2 or larger). 

[0130] In other words, the spacing W between two mutually closest nozzles 27 at 
the closest ends of the two adjacent ink-jet heads (liquid-drop material discharge heads) 22 
equals an integer multiple of the layout pitch D of the nozzles 27. 

[0131] Similarly, referring to Fig. 1(b), let "P" represent a sub scanning motion 
pitch of the print head (liquid-drop material discharge mechanism) 22a in the head line-feed 
direction, and let "D" represent a constant layout pitch of the nozzles 27, and the following 
equation holds: 

[0132] P=nD (n is an integer of 1 or larger). 

[0133] The sub scanning motion pitch P of the ink-jet head (liquid-drop material 
discharge head) 22 equals an integer multiple of the layout pitch D of the nozzles 27. 

[0134] When the above relationships hold among the nozzle spacing W between the 
adjacent ink-jet heads (the liquid-drop material discharge heads), the sub scanning motion 
pitch P, and the layout pitch D of the nozzles, all nozzles 27 are precisely aligned with the 
filter element formation regions 7, and then pass right above the filter element formation 
regions 7. For this reason, the printing efficiency of the nozzles 27 is heightened, and ink is 
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ejected at an appropriate position. The filter element 3, namely, the pixel having a uniform 
surface shape and a uniform thickness is formed on the substrate 2. 

[0135] Fig. 2 illustrates the operation of the ink-jet head (liquid-drop material 
discharge head) 22 in the manufacturing method of the color filter in accordance with another 
embodiment of the present invention. In this embodiment, at least one and each of ink-jet 
head (liquid-drop material discharge head) 22 is arranged at an inclination angle of 0 with 
respect to the head line- feed direction Y. The angle 0 is greater than 0° but smaller than 
180°. 

[0136] Now, let "D" represent the constant layout pitch of the nozzles 27, and "D 
cos 0" is the layout pitch of the nozzles 27 in the head line-feed direction. Let "W" represent 
the spacing between two mutually closest nozzles 27 at the closest ends of the two adjacent 
ink-jet heads (liquid-drop material discharge head) 22, and the following equation holds: 

[0137] W=mD cos 0 (m is an integer of 2 or larger). 

[0138] The spacing W between two mutually closest nozzles 27 at the closest ends 
of the two adjacent ink-jet heads (liquid-drop material discharge head) 22 is an integer 
multiple of D cos 0, namely, the layout pitch of the nozzles 27 in the head line- feed direction. 

[0139] At the same time, the sub scanning motion pitch P (see Fig. 1(b)) of the print 
head (liquid-drop material discharge mechanism) 22a in the head line- feed direction is set to 
equal an integer multiple of D cos 0, namely, the layout pitch of the nozzles 27 in the head 
line-feed direction. The following equation thus holds: 

[0140] P=nD cos 0 (n is an integer of 1 or larger). 

[0141] This arrangement allows all nozzles 27 of the ink-jet head (liquid-drop 
material discharge head) 22 to pass correctly right above the pixel formation regions even 
when the spacing (namely, the filter element pitch) between the filter elements 3 (see 
Fig. 1(a)) is different from the nozzle layout pitch D. All nozzles 27 are used to discharge ink 
to correct positions on the substrate 2. The success rate of pixel formation of the color filter, 
namely, the printing efficiency is increased. 

[0142] In the print head (liquid-drop material discharge mechanism) 22a illustrated 
in Fig. 1 or Fig. 2, at least one nozzle 27 located at each of both ends of at least one ink-jet 
head (liquid-drop material discharge head) 22, for example, ten nozzles 27 at each of both 
ends of an ink-jet head (liquid-drop material discharge head) 22 may be designed not to eject 
the filter material to the filter element formation regions 7 on the substrate 2. 

[0143] In this way, the ink-jet head (liquid-drop material discharge head) 22 ejects 
an appropriate amount of ink even when distribution characteristics of the ejected ink 



23 

significantly vary along the nozzle row 28 of the ink-jet head (liquid-drop material discharge 
head) 22. The filter element having a uniform surface shape and a uniform thickness is 
formed in each filter element formation region 7 of the substrate 2. 

[0144] When 180 nozzles 304 along a nozzle row 305 shown in Fig. 26(a) are used, 
the filter elements 303 formed of the material ejected from the nozzles 304 near the end of 
the nozzle row 305 become thick, and have a low transmissivity or reflectivity. As a result, 
an image observed through the filters suffers from streaks extending in the main scan 
direction. 

[0145] If ten nozzles 27 on each of both ends are designed not to eject the filter 
material as illustrated in Fig. 1 and Fig. 2 above, the head becomes identical to that having 
160 (180-10-10) nozzles 27. The filter elements 3 become uniform in surface shape and 
thickness. The resulting color filters become optically uniform. 

[0146] The filter elements 3 are now formed on the substrate 2 using the print head 
(liquid-drop material discharge mechanism) 22a illustrated in Fig. 1 or Fig. 2. When the filter 
material is formed of the three types of ink of R (red), G (green), and B (blue), all nozzles 27 
in one of the ink-jet heads (liquid-drop material discharge heads) 22 are used to eject only 
one of the three types of ink of R (red), G (green), and B (blue), thereby forming the filter 
element 3 of the corresponding color. Each of the ink-jet heads (liquid-drop material 
discharge heads) 22 is thus responsible for the corresponding one of the three primary colors. 

[0147] The ink-jet heads (liquid-drop material discharge heads) 22 are arranged 
with a predetermined spacing permitted therebetween in the print head (liquid-drop material 
discharge mechanism) 22a. When the print head (liquid-drop material discharge mechanism) 
22a scans the substrate 2, one single scan concurrently produces the filter elements 3 
corresponding to the colors of R (red), G (green), and B (blue). For this reason, the pixel 
formation success rate, namely, the printing efficiency is improved. 

[0148] When the filter material includes the three types of ink of R (red), G (green), 
and B (blue), a plurality of passages, for example, three passages are arranged in at least one 
of the plurality of ink-jet heads (liquid-drop material discharge heads) 22, and the three 
passages allow the three types of ink of R (red), G (green), and B (blue), respectively to allow 
pass therethrough. 

[0149] In this case, the same ink-jet head (liquid-drop material discharge head) 22 
ejects ink of different colors through the nozzles 27 therewithin. In this arrangement, as well, 
one single scan produces the filter elements 3 corresponding to the colors of R (red), G 
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(green), and B (blue). For this reason, the pixel formation success rate, namely, the printing 
efficiency is improved. 

[0150] Referring to Fig. 1, the apparatus for manufacturing the color filter of the 
present invention produces a color filter 1 with the filter elements 3 having a predetermined 
shape and a predetermined thickness, namely, the pixels on the substrate 2. 

[0151] Fig. 1, Fig. 8 and Fig. 9 illustrate one example of the apparatus for 
manufacturing the color filter in accordance with one embodiment of the present invention. 
The apparatus for manufacturing the color filter includes a print head (liquid-drop material 
discharge mechanism) 22a (see Fig. 1) including a plurality of nozzles 27, filter material 
feeder device (not shown) for supplying the plurality of nozzles 27 with the filter material, 
main scan driving device 19 (see Fig. 2 and Fig. 3) for moving the print head (liquid-drop 
material discharge mechanism) 22a to scan the substrate 2 in main scan operation, sub scan 
driving device 21 (see Fig. 2 and Fig. 3) for moving the print head (liquid-drop material 
discharge mechanism) 22a to scan the substrate 2 in sub scan operation, nozzle discharge 
control device (not shown) for controlling the operation of the nozzles 27, main scan control 
device (not shown) for controlling the operation of the main scan driving device 19, and sub 
scan control device (not shown) for controlling the operation of the sub scan driving device 
21. 

[0152] In this arrangement, the print head (liquid-drop material discharge 
mechanism) 22a includes at least one ink-jet head (liquid-drop material discharge head) 22 
arranged with a predetermined spacing therebetween, each ink-jet head (liquid-drop material 
discharge head) 22 including a plurality of nozzles 27 arranged in a row with a predetermined 
constant layout pitch D. The filter material feeder means (not shown) supplies the filter 
material to the plurality of nozzles 27 forming the print head (liquid-drop material discharge 
mechanism) 22a. The supplied filter material is ejected through selected nozzles 27 to the 
filter element formation regions 7, namely, to the pixel formation regions on the substrate 2. 
The filter elements 3, namely, the pixels are thus formed. 

[0153] The main scan driving means 19 moves the print head (liquid-drop material 
discharge mechanism) 22a in the head scan direction (namely, the vertical direction X in 
Fig. 1) as one fixed direction, thereby scanning the substrate 2. The sub scan driving means 
21 moves the print head (liquid-drop material discharge mechanism) 22a in the head line-feed 
direction Y in steps of the motion pitch P (see Fig. 1(b)), thereby scanning the substrate 2 in 
the sub scan operation. The unshown nozzle discharge control device controls the discharge 
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amount and the discharge time of the filter material ejected through the plurality of nozzles 
27. 

[0154] In the manufacturing apparatus of the color filter of this embodiment, the 
print head (liquid-drop material discharge mechanism) 22a is moved in the head scan 
direction (namely, in the vertical direction X in Fig. 1(a)) as one fixed direction to scan the 
substrate 2 in the main scan operation. Along with this motion, the print head (liquid-drop 
material discharge mechanism) 22a is moved in the head line- feed direction Y in steps of the 
motion pitch P to scan the substrate 2 in the sub scan operation. 

[0155] During the main scan period and the sub scan period, the plurality of nozzles 
27 in at least one ink-jet head (liquid-drop material discharge head) 22 selectively eject the 
filter material to the filter element formation regions 7, or the pixel formation regions on the 
substrate 2. As required, the main scan operation and the sub scan operation can be repeated 
several times to deposit the filter material onto the filter element formation regions 7 or the 
pixel formation regions on the substrate 2 in a predetermined shape and to a predetermined 
thickness. In this way, the filter element 3 or the pixel having the predetermined shape and 
the predetermined thickness is arranged on the substrate 2. 

[0156] Referring to Fig. 1, in the apparatus for manufacturing the color filter of this 
embodiment, the spacing W between the two mutually closest nozzles 27 of the closest ends 
of adjacent ink-jet heads (liquid-drop material discharge heads) 22 is an integer multiple of 
the layout pitch D of the nozzles 27. In other words, the following equation holds: 

[0157] W=mD (m is an integer of 2 or larger). 

[0158] The sub scanning motion pitch P of the print head (liquid-drop material 
discharge mechanism) 22a in the head line-feed direction becomes an integer multiple of the 
constant layout pitch D of the nozzles 27 as expressed in the following equation: 

[0159] P=nD (n is an integer of 1 or larger). 

[0160] Fig. 3 illustrates one example of the print head (liquid-drop material 
discharge mechanism) 22a in the apparatus for manufacturing the color filter in accordance 
with the present invention. In this example, the print head (liquid-drop material discharge 
mechanism) 22a includes six ink-jet heads (liquid-drop material discharge heads) 22. Each 
ink-jet head (liquid-drop material discharge head) 22 includes a linearly arranged row of 
nozzles 27 composed of a plurality of nozzles 27, for example, 12 nozzles 27. For example, 
the layout pitch P3 of the nozzles 27 is 141 ^im, the diameter Dl of the nozzle 27 is 28 jam, 
and the pitch of the filter element (or pixel) is 141 (im. 
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[0161] As already described with reference to Fig. 2, the ink-jet head (liquid-drop 
material discharge head) 22 may be arranged at an inclination angle 6 with respect to the head 
line- feed direction Y. The angle 0 is greater than 0° and smaller than 180°. The spacing W 
between two mutually closest nozzles 27 at the closest ends of the two adjacent ink-jet heads 
(liquid-drop material discharge head) 22 is an integer multiple of D cos 0, namely, the layout 
pitch of the nozzles 27 in the head line-feed direction: 

[0162] W=mD cos 0 (m is an integer of 2 or larger). 

[0163] At the same time, the sub scanning motion pitch P (see Fig. 1) of the print 
head (liquid-drop material discharge mechanism) 22a in the head line-feed direction is set to 
equal an integer multiple of D cos 0, namely, the layout pitch of the nozzles 27 in the head 
line- feed direction Y. The following equation thus holds: 

[0164] P=nD cos 0 (n is an integer of 1 or larger). 

[0165] Fig. 4 illustrates another example of the print head (liquid-drop material 
discharge mechanism) 22a in the apparatus for manufacturing the color filter in accordance 
with the present invention. In this example, the print head (liquid-drop material discharge 
mechanism) 22a includes six ink-jet heads (liquid-drop material discharge heads) 22. Each 
ink-jet head (liquid-drop material discharge head) 22 includes a nozzle row 28 composed of 
12 nozzles 27. The ink-jet head (liquid-drop material discharge head) 22 is arranged at an 
inclination angle 0. The inclination angle 0 is 57.9°, for example. 

[0166] For example, the layout pitch of the nozzles 27 is 141 |xm, the diameter of 
the nozzle 27 is 28 |^m, and the pitch of the filter element (or pixel) is 75 jam. 

[0167] The color filter that is manufactured through the method and apparatus for 
manufacturing the color filter of the present invention is discussed below. Figs. 5(a) and 5(b) 
are plan views illustrating the surface of the color filter. Fig. 5(a) illustrates the entire mother 
substrate prior to dicing into the color filter, and Fig. 5(b) illustrates a single color filter diced 
from the mother substrate. 

[0168] Figs. 6(a)-6(d) are process diagrams of the color filter in the order of 
manufacture, illustrating cross-sectional structures of the color filter taken along line VII- VII 
in Fig. 5(b). Fig. 6(a) illustrates the color filter prior to ejection of a filter material, Fig. 6(b) 
illustrates the color filter immediately subsequent to the ejection of the filter material, 
Fig. 6(c) illustrates the color filter with the filter element arranged thereon, and Fig. 6(d) 
illustrates the color filter with a protective layer attached thereto. 

[0169] Referring to Fig. 5, a color filter 1 can be produced by arranging a plurality 
of filter elements 3 in a dot pattern (in a dot matrix in Fig. 5(b)) on the surface of the 
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substrate 2 fabricated of glass, plastic, or the like, and then by depositing a protective layer 4 
as illustrated in Fig. 6(d). Fig. 5(b) illustrates the color filter 1 with the protective layer 4 
removed. 

[0170] Referring to Fig. 6(d), the filter element 3 is formed in a region defined by 
partitioning walls 6. The partitioning walls 6, fabricated of light non-transmissive resin 
material, have a grid pattern if viewed from an arrow B in Fig. 6(a). The partitioning walls 6 
form a plurality of rectangular regions in a matrix, and these regions are filled with a color 
material. The filter elements 3 thus result. 

[0171] The filter element 3 is formed of a filter material of one of the colors R 
(red), G (green), and B (blue). The filter elements of these colors are arranged in a 
predetermined configuration. The examples of configuration may be any of the stripe 
configuration, the mosaic configuration, and the delta configuration respectively illustrated in 
Fig. 7(a), Fig. 7(b), and Fig. 7(c). 

[0172] In the stripe configuration, each column of matrix has the same color. In the 
mosaic configuration, any three filter elements arranged in each of a horizontal line and a 
vertical line are R (red), G (green), and B (blue). In the delta configuration, the filter 
elements are repeatedly shifted every two rows, and any adjacent three filter elements are R 
(red), G (green), and B (blue). 

[0173] Referring to Fig. 5(b), the size TO of the color filter 1 is 1.8 inches. A single 
filter element 3 is as large as horizontal x vertical = L0 x LI = 30 jam x 100 jim. The spacing 
P4 between the filter elements 3 (an element pitch) is 75 jam, for example. 

[0174] The pitch of the color filter 1 in the sub scan direction preferably equals an 
integer multiple of the layout pitch of the filter elements 3. This arrangement allows the filter 
element 3 to be manufactured even more efficiently. 

[0175] When the color filter 1 is used as an optical element for full-color display, 
three filter elements 3 of R (red), G (green), and B (blue) as a unit form a single pixel. The 
full-color display is presented by allowing light beams to be selectively transmitted through 
one of or a combination of the R (red), G (green), and B (blue) elements within a single pixel. 
The partitioning walls 6, fabricated of light non-transmissive resin, function as a black 
matrix. 

[0176] The above-referenced color filter 1 is diced from a large mother substrate 
shown in Fig. 5(a). Specifically, the pattern of a single color filter 1 is formed in each of a 
plurality of color filter areas 1 1 formed in a mother substrate 12, a guide groove is formed 
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surrounding the color filter area 11, and the mother substrate 12 is diced along the groove. 
Each color filter 1 thus results. 

[0177] The method and apparatus for manufacturing the color filter of the present 
invention is further discussed with reference to the color filter 1 shown in Fig. 5(b). 
Referring to Fig. 6(a), the partitioning walls 6, having a grid pattern if viewed in the arrow B, 
are fabricated of a resin material having no light transmissivity on the surface of the mother 
substrate 12. An grid hole 7 of the grid pattern is a portion where the filter element 3 is 
formed. The two-dimensional size of the filter element formation region 7 defined by the 
partitioning walls 6, if viewed in the arrow B, can be horizontal dimension x vertical 
dimension = 30 jam x 100 jam. 

[0178] The partitioning walls 6 serves both the function of blocking the flow of the 
filter material deposited in the filter element formation region 7 and the function of a black 
matrix. The partitioning walls 6 may be produced using any patterning technique, such as the 
photolithographic technique, and may be fired by a heater as required. 

[0179] Subsequent to the formation of the partitioning walls 6, each filter element 
formation region 7 is filled with a filter material 13 by supplying the filter element formation 
region 7 with a liquid drop 8 of the filter material as illustrated in Fig. 6(b). Referring to 
Fig. 6(b), a filter material 13R of R (red), a filter material 13G of G (green), and a filter 
material 13B of B (blue) are used. 

[0180] When the filter element formation region 7 is supplied with a predetermined 
amount of the filter material 13, the mother substrate 12 is heated at 70°C or so by a heater to 
evaporate a solvent of the filter material 13. Through the evaporation process, the volume of 
the filter material 13 is reduced as illustrated in Fig. 6(c). When a reduction in volume is too 
large, the supply of the liquid drop 8 of the filter material 13 and then heating of the liquid 
drop 8 are repeated until a sufficient thickness is reached as a color filter. The above process 
leaves only a solid component of the filter material 13 in the form of film. 

[0181] After the formation of the filter material 13, the mother substrate 12 is 
heated to fully dry the filter element 3 at a predetermined temperature and for a 
predetermined time. Then, the protective layer 4 is formed using any appropriate techniques 
such as a spin coating method, a roll coating method, or a lipping method. The protective 
layer 4 is used to protect the filter element 3, etc., and to planarize the surface of the color 
filter 1. 

[0182] Fig. 8 illustrates one embodiment of ink-jet device (liquid-drop material 
discharge device) for supplying the filter material 13 illustrated in Fig. 6(b). This ink-jet 
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device (liquid-drop material discharge device) 16 discharges and deposits an ink drop of one 
of R (red), G (green), and B (blue), for example, an ink drop of R here, in a predetermined 
location of a color filter formation area 1 1 within the mother substrate 12 (see Fig. 5(a)). 
Each of the ink-jet device (liquid-drop material discharge device) of G color filter material 
and the B color filter material is also prepared, and the construction of these device remains 
unchanged from that illustrated in Fig. 8. 

[0183] Referring to Fig. 8, the ink-jet device (liquid-drop material discharge device) 
16 includes a head unit 26 including a print head (liquid-drop material discharge mechanism) 
22a (see Fig. 1) having at least one ink-jet head (liquid-drop material discharge head) 22 
arranged with a predetermined spacing allowed therebetween, head position control means 1 7 
for controlling the position of the print head (liquid-drop material discharge mechanism) 22a, 
substrate position control device 18 for controlling the position of the mother substrate 12, 
main scan driving device 19 for moving the ink-jet head (liquid-drop material discharge 
head) 22 with respect to the mother substrate 12 in a main scan operation, sub scan driving 
device 21 for moving the ink-jet head (liquid-drop material discharge head) 22 with respect to 
the mother substrate 12 in a sub scan operation, a substrate supply unit 23 for supplying the 
mother substrate 12 to a predetermined work location within the ink-jet device (liquid-drop 
material discharge device) 16, and a controller 24 for generally controlling the ink-jet means 
(liquid-drop material discharge device) 16. 

[0184] The head position control device 17, the substrate position control device 18, 
the main scan driving device 19, and the sub scan driving device 21 are all mounted on a base 
9. These units are covered with a cover 14. 

[0185] The ink-jet head (liquid-drop material discharge head) 22 includes a nozzle 
row 28 which is formed by arranging a plurality of nozzles 27 in a row. For example, the 
number of nozzles 27 is 180, a diameter of nozzle hole Dl is 28 jxm, and a nozzle pitch P3 of 
the nozzles 27 is 141 |^m. The head scan direction (namely, the main scan direction) X with 
respect to the color filter 1 and the mother substrate 12 in Fig. 5(a) and Fig. 5(b) and the sub 
scan direction Y perpendicular to the head scan direction respectively correspond to X and Y 
direction in Fig. 10. 

[0186] Referring to Fig. 11, two nozzle rows 28 are arranged in the head scan 
direction X so that two nozzles 27 in the same scan line may supply a single filter element 
formation region 7 with the filter material. The layout pitch P3 of the nozzles 27 may be set 
to be 141 jam. 
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[0187] Referring to Fig. 12, the two nozzle rows 28 are arranged in the head scan 
direction X and a plurality of nozzles 27 is arranged in a mutually shifted configuration. 
Through these nozzles 27, the filter material is supplied to the filter element formation region 
7 (see Fig. 1(a)). If the layout pitch D of the nozzles 27 is set to be 141 (am, a pitch P5 
between the plurality of scanning lines extending in the main scan direction X is as half as the 
layout pitch D, namely, is 70.5 [im. 

[0188] Referring to Fig. 13, the ink-jet head (liquid-drop material discharge head) 
22 is formed so that a plurality of pairs of nozzle row 28 is mutually adjacent to each other in 
the head scan direction X, and so that the nozzles 27 in each pair of nozzle rows 28 are 
shifted. The filter material is then fed to the filter element formation regions 7 through these 
nozzles 27. Fig. 13 illustrates two pairs of nozzle rows 28 shifted from each other. The 
layout pitch D of the nozzles 27 is set to be 141 [im, and a practical pitch P5 between the 
plurality of scanning lines extending in the main scan direction X is as half as the layout pitch 
D, namely, is 70.5 jam. 

[0189] Referring to Fig. 14, three rows 28 of nozzles may be shifted from each 
other by one-third the pitch thereof. Through these nozzles 27, the filter element is fed to the 
filter element formation regions 7. The layout pitch D of the nozzles 27 is 141 jam, and the 
pitch P5 of the main scanning lines extending in the X direction is one-third the layout pitch 
D, namely, 47 |^m. 

[0190] As shown in Fig. 1, the ink-jet head (liquid-drop material discharge head) 22 
is arranged so that the nozzle row 28 is aligned perpendicular to the head scan direction X. In 
other cases, the nozzle row 28 may be inclined at a predetermined angle 0 with respect to a 
direction perpendicular to the head scan direction X as shown in Fig. 2. The ink-jet head 
(liquid-drop material discharge head) 22 selectively ejects the filter material, namely, ink 
through the plurality of nozzles 27 while moving in a direction parallel to the head scan 
direction X. The filter material is thus deposited to the filter element formation regions 7 (see 
Fig. 6(a)) on the mother substrate 12 (see Fig. 5(a)). The ink-jet head (liquid-drop material 
discharge head) 22 moves in the sub scan direction Y by a predetermined distance, thereby 
shifting a main scan position by a predetermined spacing. The ink-jet head (liquid-drop 
material discharge head) 22 has an internal structure as shown in Fig. 15(a) and Fig. 15(b). 
Specifically, the ink-jet head (liquid-drop material discharge head) 22 includes a nozzle plate 
29 fabricated of stainless steel, a vibrator plate 31 facing the nozzle plate 29, and a plurality 
of partitioning blocks 32 that connects the nozzle plate 29 to the vibrator plate 3 1 . The 
partitioning blocks 32 form a plurality of ink chambers 33 and an ink reservoir 34 between 
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the nozzle plate 29 and the vibrator plate 31. The plurality of ink chambers 33 communicate 
with the ink reservoir 34 through passages 38. An ink supply port 36 is formed in an 
appropriate location in the vibrator plate 31. An ink feeder 37 is connected to the ink supply 
port 36. The ink feeder 37 feeds the filter material M of one of R (red), G (green), and B 
(blue), for example, the R (red) filter material M to the ink supply port 36. The fed filter 
material M fills the ink reservoir 34, and then reaches the ink chambers 33 through the 
passages 38. 

[0191] The nozzle plate 29 includes the nozzles 27 to eject the filter material M in 
jet from the ink chambers 33. An ink pressurizing unit 39 is attached on the back of the 
vibrator plate 31, opposite to the side of the ink chambers 33, in a location corresponding to 
the ink chambers 33. Referring to Fig. 15(b), the ink pressurizing unit 39 includes a 
piezoelectric element 41 and a pair of electrodes 42a and 42b sandwiching the piezoelectric 
element 41. The piezoelectric element 41 is deformed and changed in shape, outwardly 
projecting in a direction represented by an arrow C when a voltage is applied between the 
electrodes 42a and 42b. In this way, the volume of the ink chambers 33 increases. The filter 
material M corresponding to a volume increase enters the ink chambers 33 through the 
passages 38. 

[0192] When the voltage supply to the piezoelectric element 41 is cut off, the 
piezoelectric element 41 and the vibrator plate 31 are restored back to the original states 
thereof. The ink chambers 33 also return to the original volumes thereof. The pressure of the 
filter material M in the ink chamber 33 rises. In response to the rise, the filter material M is 
ejected in droplets through the nozzles 27 to the mother substrate 12 (see Fig. 5(a)). An ink- 
repellant layer 43, fabricated of Ni-tetrafluoroethylene eutectoid plated layer, is deposited on 
the area surrounding each nozzle 27 to prevent the flight of the liquid drop 8 from being bent 
and the hole of the nozzle 27 from being clogged. 

[0193] Referring to Fig. 9, the head position control device 17 includes an a motor 
44 for rotating the print head (liquid-drop material discharge mechanism) 22a in in-plane 
rotation, a (3 motor 46 for rotating the print head (liquid-drop material discharge mechanism) 
22a about an axis parallel to the sub scan direction Y in a yaw motion, a y motor 47 for 
rotating print head (liquid-drop material discharge mechanism) 22a in an axis parallel to the 
head scan direction X in a yaw motion, and a Z motor 48 for translating vertically the print 
head (liquid-drop material discharge mechanism) 22a. 

[0194] Referring to Fig. 9, the substrate position control device 18 illustrated in 
Fig. 8 includes a table 49 on which the mother substrate 12 is set, and a 9 motor 51 for 
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rotating the table 49 in in-plane rotation as represented by an arrow 0. Referring to Fig. 9, the 
main scan driving means 19 illustrated in Fig. 8 includes guide rails 52 extending in the head 
scan direction X, and a slider 53 housing a pulse-driven linear motor. The slider 53 is moved 
in the head scan direction X along the guide rails 52 when the linear motor housed in the 
slider 53 operates. 

[0195] Referring to Fig. 9, the sub scan driving device 21 illustrated in Fig. 8 
includes guide rails 54 extending in the sub scan direction Y, and a slider 56 housing a pulse- 
driven linear motor. The slider 56 is moved along the guide rails 54 in the sub scan direction 
Y when the linear motor housed in the slider 56 operates. 

[0196] The pulse-driven linear motors housed in the slider 53 and the slider 56 are 
precisely controlled in angle of rotation of the output shafts thereof in response to pulse 
signal fed thereto. The ink-jet head (liquid-drop material discharge head) 22 supported by the 
slider 53 is precisely controlled in position in the head scan direction X and the table 49 is 
precisely controlled in position in the sub scan direction Y. 

[0197] The print head (liquid-drop material discharge mechanism) 22a and the table 
49 are controlled in position by position control through the pulse motor. Alternatively, the 
print head (liquid-drop material discharge mechanism) 22a may be controlled by feedback 
control through a servo motor, or any other control method. 

[0198] The substrate supply unit 23 illustrated in Fig. 8 includes a substrate 
container 57 storing the mother substrates 12 and a robot 58 for conveying the mother 
substrate 12. The robot 58 includes a mount base 59 planted on a mounting surface such as a 
floor or ground, a lifting shaft 61 which moves with respect to the mount base 59, a first arm 
62 which rotates about the lifting shaft 61, a second arm 63 which rotates about the first arm 
62, and a suction pad 64 arranged on the bottom surface of one end of the second arm 63. 
The suction pad 64 sucks in air to hold the mother substrate 12. 

[0199] Referring to Fig. 8, capping device 76 and cleaning device 77 are arranged 
beside the sub scan driving device 21 under the path of the print head (liquid-drop material 
discharge mechanism) 22a which is driven in the main scan operation by the main scan 
driving device 19. An electronic scale 78 is arranged beside the other end of the sub scan 
driving means 21. The cleaning means 77 cleans the ink-jet head (liquid-drop material 
discharge head) 22. The electronic scale 78 measures the weight of a liquid drop of ink 
ejected from each nozzle 27 (see Fig. 10) in the ink-jet head (liquid-drop material discharge 
head) 22 on a per nozzle basis. The capping device 76 prevents the nozzles 27 (see Fig. 10) 
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from being dried when the ink-jet head (liquid-drop material discharge head) 22 is on a 
standby state. 

[0200] A camera 81 for the head, mounted in the print head (liquid-drop material 
discharge mechanism) 22a, is integrally moved together with the print head (liquid-drop 
material discharge mechanism) 22a. A camera 82 for the substrate, supported on a support 
unit (not shown) mounted on the base 9, is arranged in a location that permits the mother 
substrate 12 to be photographed. 

[0201] The controller 24 illustrated in Fig. 8 includes a computer main unit 66 
having a processor, a keyboard 67 as an input device, and a CRT (Cathode-Ray Tube) display 
68 as a display. The processor includes a CPU (Central Processing Unit) for performing 
arithmetic operations, and a memory 71 as an image storage medium for storing a variety of 
pieces of information. 

[0202] The head position control device 17, the substrate position control device 1 8, 
the main scan driving device 19, the sub scan driving device 21, a head driving circuit 72 for 
driving the piezoelectric element 41 (see Fig. 15(b)) in the ink-jet head (liquid-drop material 
discharge head) 22, all illustrated in Fig. 8, are interconnected to the CPU 69 through an 
input/output interface 73 and a bus 74. Furthermore, the substrate supply unit 23, the input 
device 67, the display 68, the electronic scale 78, the cleaning device 77, and the capping 
device 76 are also interconnected to the CPU 69 through the input/output interface 73 and the 
bus 74. 

[0203] The concept of the memory 71 includes semiconductor memories, such as a 
RAM (Random-Access Memory), a ROM (Read-Only Memory), etc., or an external storage 
device such as a hard disk, a CD-ROM reader, or a disk type storage medium. The memory 
71 includes a storage area for storing a software program describing a control process of the 
operation of the ink-jet device (liquid-drop material discharge device) 16, a storage area for 
storing a discharge position, as coordinates data, in the mother substrate 12 (see Fig. 5(a)) of 
one color (for the R color) of R (red), G (green), and B (blue) in each configuration of the R 
(red), G (green), and B (blue) elements illustrated in Fig. 7, a storage area for storing a sub 
scan distance of travel of the mother substrate 12 in the sub scan direction Y in Fig. 9, a 
storage area for a temporary file serving as a working area for the CPU 69, and a storage area 
for other data. 

[0204] The CPU 69 controls the manufacturing apparatus of the present invention 
so that the filter material, namely, ink is ejected to a predetermined location on the surface of 
the mother substrate 12 in accordance with the software program stored in the memory 71. 
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To control the manufacturing apparatus, the CPU 69 includes a cleaning processor for 
performing a cleaning process, a capping processor for performing a capping process, a 
weight measurement processor for performing arithmetic operations for weight measurement 
using the electronic scale 78 (see Fig. 8), and a printing processor for performing arithmetic 
operations for printing the filter material in ink jet. 

[0205] The printing processor includes a variety of processor blocks, such as a 
printing start position processor block for setting the print head (liquid-drop material 
discharge mechanism) 22a to a start position for printing, a main scanning control processor 
block for controlling the print head (liquid-drop material discharge mechanism) 22a to move 
the print head (liquid-drop material discharge mechanism) 22a at a predetermined speed in 
the head scan direction X for the main scan operation, a sub scanning control processor block 
for controlling the mother substrate 12 to move the mother substrate 12 in the sub scan 
direction Y by a predetermined sub scanning motion pitch corresponding to a sub scan 
amount, and a nozzle discharge control processor block for controlling the plurality of 
nozzles 27 in the ink-jet head (liquid-drop material discharge head) 22 to allow the nozzles 
27 to selectively eject the ink, namely, the filter material. 

[0206] Instead of performing the above-mentioned functions in software using the 
CPU 69 in whole or in part, it should be understood that a standalone logical circuit or 
electronic circuit without CPU may be used to perform the above-mentioned functions. In 
that case, such an electronic circuit is used in stead of the CPU 69 or in addition to the CPU 
69. 

[0207] The operation of the ink-jet device (liquid-drop material discharge device) 
16 thus constructed as illustrated in Fig. 8 is discussed below with reference to a flow 
diagram in Fig. 18. 

[0208] When the ink-jet device (liquid-drop material discharge device) 16 runs with 
an operator switching on the apparatus, an initial setting is performed in step SI. 
Specifically, the head unit 26, the substrate supply unit 23, the controller 24, etc., are set to 
the default settings thereof. If it is weight measurement timing (YES in step S2), the main 
scan driving device 19 moves the head unit 26 to the electronic scale 78 illustrated in Fig. 8 
(step S3). The amount of ink ejected through the nozzle 27 is measured using the electronic 
scale 78 (step S4). The weight measurement is performed for all nozzles 27. The voltage 
applied to the piezoelectric element 41 corresponding to each nozzle 27 is adjusted in 
accordance ink discharge characteristics of the nozzles 27 (step S5). 
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[0209] When it is cleaning timing (YES in step S6), the main scan driving device 
19 moves the head unit 26 to the cleaning device 77 (step S7). The cleaning device 77 cleans 
the ink-jet head (liquid-drop material discharge head) 22 (step S8). 

[0210] When it is not yet the weight measurement timing and when it is not yet the 
cleaning timing (NO in step S2 and NO in step S6), or when the weight measurement and the 
cleaning are completed, the substrate supply unit 23 illustrated in Fig. 8 operates to supply 
the mother substrate 12 to the table 49 in step S9. Specifically, the suction pad 64 attracts 
and holds the mother substrate 12 from the substrate container 57, and then, the lifting shaft 
61, the first arm 62, and the second arm 63 are moved, conveying the mother substrate 12 to 
the table 49, and pressing the mother substrate 12 to alignment pins 50 (see Fig. 9) arranged 
beforehand in appropriate locations on the table 49. To prevent the mother substrate 12 from 
being deviated from the position thereof on the table 49, the mother substrate 12 is preferably 
secured to the table 49 with air suction device. 

[0211] Observing the mother substrate 12 through the substrate camera 82 
illustrated in Fig. 8, the output shaft of the 0 motor 51 illustrated in Fig. 9 is rotated in steps 
of fine angle. The table 49 is thus rotated in steps of fine angle in in-plane rotation, thereby 
aligning the mother substrate 12 (step S10). Observing the mother substrate 12 through the 
head camera 81 illustrated in Fig. 8, a printing start position of the ink-jet head (liquid-drop 
material discharge head) 22 is determined (step SI 1). The ink-jet head (liquid-drop material 
discharge head) 22 is moved to the printing start position by appropriately operating the main 
scan driving means 19 and the sub scan driving means 21 (step SI 2). 

[0212] Referring to Fig. 2, the nozzles 27, namely, the nozzle row 28 in the print 
head (liquid-drop material discharge mechanism) 22a is preferably arranged at an inclination 
angle 0 with respect to the sub scan direction Y of the print head (liquid-drop material 
discharge mechanism) 22a. In the ink-jet means (liquid-drop material discharge means) 16, 
the nozzle pitch D of the adjacent nozzles 27 is typically different from the element pitch of 
the adjacent filter elements 3, namely, the adjacent filter element formation regions 7. This 
arrangement is intended to make the dimension of the nozzle pitch D in the sub scan direction 
Y geometrically equal to the element pitch when the print head (liquid-drop material 
discharge mechanism) 22a is moved in the head scan direction X. 

[0213] The ink-jet head (liquid-drop material discharge head) 22 is placed at the 
printing start position in step S12 with reference to Fig. 18. In step S13 illustrated in Fig. 18, 
the ink-jet head (liquid-drop material discharge head) 22 starts main scan, moving in the head 
scan direction X. At the same time, ejection of ink starts. Specifically, the main scan driving 
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means 19 operates, causing the print head (liquid-drop material discharge mechanism) 22a to 
linearly move at a constant speed in the head scan direction X. At the moment the 
corresponding nozzle 27 reaches the filter element formation region 7 to which ink must be 
supplied in the course of the movement of the head, the filter material, namely, ink is ejected 
through the nozzle 27. 

[0214] The amount of ejected ink is a fraction of, specifically, one-quarter of the 
entire amount filling the full volume of the filter element formation region 7, rather than the 
amount filling the full volume. As will be discussed later, each filter element formation 
region 7 is filled with several ejections of ink rather than a single ejection of ink. For 
example, the full volume of the filter element formation region 7 is fully filled with four 
ejections of ink. 

[0215] If the print head (liquid-drop material discharge mechanism) 22a completes 
one line of main scan to the mother substrate 12 (YES in step SI 4), the print head (liquid- 
drop material discharge mechanism) 22a moves in a reverse direction, returning to the initial 
position (see Fig. 1(a)) (step SI 5). The print head (liquid-drop material discharge 
mechanism) 22a, driven by the sub scan driving means 21, moves by a predetermined sub 
scanning motion pitch P in the sub scan direction Y (step SI 6). 

[0216] The print head (liquid-drop material discharge mechanism) 22a, which has 
moved to the position illustrated in Fig. 1(b) in the sub scan operation, repeats the main scan 
operation while ejecting ink in step S13. The print head (liquid-drop material discharge 
mechanism) 22a again perform the sub scan operation while repeating the main scan motion 
and the ink ejection (step S13 through step SI 6). In this way, an ink deposition process for 
one column of the color filter formation area 1 1 of the mother substrate 12 is completed. 

[0217] In this embodiment, several ejections of ink, specifically, four ejections of 
ink becomes a full amount or a predetermined thickness of ink, or filter material. 

[0218] When the nozzle row 28 successively moves in the sub scan operation, one 
position of the nozzle row 28 does not overlap another position of the nozzle row 28 in the 
sub scan direction Y. The positions taken by the nozzle row 28 become lined in the sub scan 
direction Y in the sub scan operation. The thickness of the ejected filter material thus 
becomes uniform. 

[0219] When ink ejection is completed for one column of color filter formation 
areas 1 1 in the mother substrate 12 shown in Fig. 5(a), the sub scan driving means 21 drives 
the ink-jet head (liquid-drop material discharge head) 22 to a start position of a next column 
of color filter formation areas 1 1 (step SI 9). The main scan operation, the sub scan 
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operation, the ink ejection are repeated to form the filter elements in the filter element 
formation regions 7 (steps S13 through SI 6). 

[0220] When the filter elements 3 of one color of R (red), G (green), and B (blue), 
for example, the filter elements 3 of R are formed in all color filter formation areas 1 1 in the 
mother substrate 12 (YES in step S17 and SI 8), the mother substrate 12 is outwardly 
discharged by the substrate supply unit 23 or another conveyance apparatus in step S20. 

[0221] Unless the operator gives a process end command (NO in step S21), the 
algorithm loops to step S2 to perform ink ejection operation to another mother substrate 12 
for R color. 

[0222] When the operator gives a process end command (YES in step S21), the 
CPU 69 shifts the print head (liquid-drop material discharge mechanism) 22a shown in Fig. 8 
to the capping means 76. The capping means 76 performs a capping operation to the print 
head (liquid-drop material discharge mechanism) 22a (step S22). 

[0223] In this way, the patterning for one of the R (red), G (green), and B (blue) 
colors constituting the color filter, for example, the patterning for the R color ends. The 
mother substrate 12 is then conveyed to ink-jet means (liquid-drop material discharge means) 
16 which employs a second one of the R (red), G (green), and B (blue) colors, for example, 
the G color for the G color patterning. Furthermore, the mother substrate 12 is conveyed to 
ink-jet device (liquid-drop material discharge device) 16 which employs a third one of the R 
(red), G (green), and B (blue) colors, for example, the B color for the B color patterning. In 
this way, the mother substrate 12 having a plurality of color filters 1 (see Fig. 5(b)) in a 
desired dot configuration of the R (red), G (green), and B (blue), such as a stripe 
configuration, results. 

[0224] When the color filter 1 is used for color display on a liquid-crystal display, 
electrodes and alignment layers are further laminated on the color filter 1 . If the mother 
substrate 12 is diced into individual color filters 1 in such a case prior to the lamination of the 
electrodes and alignment layers, the subsequent formation process of the electrodes, etc., 
becomes extremely complex. The mother substrate 12 is preferably diced subsequent to the 
completion of required steps such as formation steps of the electrodes and the alignment 
layers, rather than being diced into the color filters 1 subsequent to the formation of the color 
filter 1 on the mother substrate 12. 

[0225] The individual filter elements 3 within the color filter 1 shown in Fig. 5(b) 
are not formed by only one main scan of the ink-jet head (liquid-drop material discharge 
head) 22 in the X direction. The individual filter elements 3 are formed to a predetermined 
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thickness when a plurality of nozzles 27 repeatedly ejects by n times, for example, four times, 
each time with the individual filter elements 3 scanned with nozzles 27 assigned in a different 
nozzle group. Even if the ejected amount of ink varies from nozzle group to nozzle group, 
variations in thickness from filter element 3 to filter element 3 are controlled. The light 
transmissivity through the color filter is made uniform in plan view. 

[0226] Referring to Fig. 16, at least one of the plurality of nozzles 27 (10 nozzles 
27, for example) in each of both ends of the nozzle row 28 in the ink-jet head (liquid-drop 
material discharge head) 22 is preferably designed not to eject ink. This arrangement is 
intended to resolve the previously discussed problem that the distribution of ejected amount 
of ink becomes non-uniform in the plurality of nozzles 27 forming the nozzle row 28 of the 
ink-jet head (liquid-drop material discharge head) 22, particularly, with at least one of the 
plurality of nozzles 27 (10 nozzles 27, for example) in each of both ends of the nozzle row 28 
resulting in a large ejected amount of ink. For example, when the number of nozzles is 180, a 
total of 20 nozzles 27, namely 10 nozzles 27 in each of both ends, is biased to a voltage not to 
eject ink so that the remaining 160 nozzles 27 eject ink. 

[0227] In the above discussion, the partitioning walls 6 are fabricated of a light non- 
transmissive resin. Alternatively, the partitioning walls 6 may be fabricated of a light 
transmissive material. In this case, a light-blocking metal film or a light-blocking resin 
material, each serving a black matrix, may be arranged in the location where the filter 
elements 3 are not present, namely, on or beneath the partitioning walls 6. 

[0228] The filter elements 3 are R (red), G (green), and B (blue). Alternatively, the 
filter elements 3 may be C (cyan), M (magenta), and Y (yellow). In this case, the filter 
materials for C, M, and Y may be used instead of the filter materials for R (red), G (green), 
and B (blue). 

[0229] In the above discussion, the partitioning walls 6 are produced through the 
photolithographic technique. Alternatively, the partitioning walls 6 may be produced using 
the ink-jet method as the filter elements 3. 

[0230] Fig. 19 illustrates an ink-jet head (liquid-drop material discharge head) 22 A 
for use in the method and apparatus for manufacturing the color filter in accordance with 
another embodiment of the present invention. The ink-jet head (liquid-drop material 
discharge head) 22A is different from the ink-jet head (liquid-drop material discharge head) 
22 illustrated in Fig. 10 as below. A single ink-jet head (liquid-drop material discharge head) 
22A is formed of three nozzle rows of a nozzle row 28R for ejecting a R color ink, a nozzle 
row 28G for ejecting a G color ink, and a nozzle row 28B for ejecting a B color ink. The 
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three nozzle rows have their own respective ink ejection systems shown in Figs. 15(a) and 
15(b). The ejection system for the R color nozzle row 28R is connected to an R ink feeder 
37R, the ejection system for the G color nozzle row 28G is connected to a G ink feeder 37G, 
and the ejection system for the B color nozzle row 28B is connected to a B ink feeder 37B. 

[0231] In the above-referenced method and apparatus for manufacturing the color ' 
filter, a plurality of color filter formation areas 1 1 is formed in the mother substrate 12 as 
illustrated in Fig. 5(a). Using the ink-jet head (liquid-drop material discharge head) 22 
smaller than the color filter formation area 1 1, the filter elements 3 are formed in the color 
filter formation area 1 1 . Alternatively, a nozzle row 28 having a length longer than one side 
of a single color filter formation area 1 1 but shorter than one side of the mother substrate 12 
may be used to form the filter elements 3 in a single mother substrate 12. 

[0232] In the above discussion, the plurality of color filter formation areas 1 1 is 
formed in the mother substrate 12. In this case, a single column of color filter formation 
areas 1 1 may be formed in the mother substrate 12. Alternatively, a single color filter 
formation area 11, having the size substantially equal to that of the mother substrate 12 or 
significantly smaller than that of the mother substrate 12, may be formed in the mother 
substrate 12. 

[0233] In the ink-jet device (liquid-drop material discharge device) 16 shown in 
Fig. 8 and Fig. 9, the print head (liquid-drop material discharge mechanism) 22a moves in the 
X direction to scan the mother substrate 12 in the main scan operation while the mother 
substrate 12 is moved by the sub scan driving means 21 in the Y direction so that the print 
head (liquid-drop material discharge mechanism) 22a sub scans the mother substrate 12. 
Conversely, the mother substrate 12 may be moved in the Y direction in the main scan 
operation while the ink-jet head (liquid-drop material discharge head) 22 may be moved in 
the X direction in the sub scan operation. 

[0234] Fig. 20 is a process chart of the method for manufacturing the liquid-crystal 
display in accordance with one embodiment of the present invention. Fig. 21 illustrates the 
liquid-crystal display manufactured in accordance with the manufacturing method. Fig. 22 is 
a cross-sectional view of the liquid-crystal display taken along line X-X in Fig. 21. 

[0235] The liquid-crystal display to be discussed here is a passive-matrix, 
transflective liquid-crystal display that presents a full-color display. 

[0236] Referring to Fig. 21, a liquid-crystal display 101 includes driving ICs 103a 
and 103b as semiconductor chips mounted on a liquid-crystal panel 102, an FPC (Flexible 
Printed Circuit) 104 as a wiring connection element connected to the liquid-crystal panel 102, 
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and an illumination unit 106 mounted on the back of the liquid-crystal panel 102 as a back 
light. 

[0237] The liquid-crystal panel 102 is produced by bonding a first substrate 107a 
and a second substrate 107b using a sealing member 108. For example, the sealing member 
108 is formed by depositing epoxy resin in a ring configuration on the internal surface of the 
first substrate 107a or the second substrate 107b using the screen printing technique. 
Spherical or cylindrical conductors 109 fabricated of an electrically conductive material are 
dispersed in the sealing member 108 as shown in Fig. 22. 

[0238] As shown in Fig. 22, the first substrate 107a includes planar base member 
111a formed of transparent glass or transparent plastic. A reflective layer 1 12 is formed on 
the inner surface of the base member 111a (the top surface of the base member 1 1 la in 
Fig. 22), an insulator layer 1 13 is laminated on the reflective layer 1 12, and first electrodes 
1 14a (see Fig. 21) are formed on the insulator layer 1 13 in stripes if viewed from an arrow D 
in Fig. 22. Furthermore, an alignment layer 1 16a is formed on the first electrode 1 14a. A 
polarizer 1 17a is glued on the external surface of the base member 111a (the bottom surface 
of the base member 1 1 la in Fig. 22). 

[0239] Referring to Fig. 21, for clarity, the first electrodes 1 14a are drawn with the 
spacing therebetween wider than an actual spacing and the number of first electrodes 1 14a is 
smaller than the actual number thereof. In practice, a large number of first electrodes 1 14a 
are arranged on the base member 111a. 

[0240] Referring to Fig. 22, the second substrate 107b includes a base member 1 1 lb 
fabricated of transparent glass or transparent plastic. A color filter 1 18 is formed on the inner 
surface of the base member 111b (the underside of the base member 1 1 lb in Fig. 22). 
Second electrodes 1 14b, arranged on the color filter 118, extend in stripes, if viewed from the 
arrow D, in a direction perpendicular to the first electrodes 1 14a (as shown in Fig. 21). An 
alignment layer 1 16b is formed on the second electrodes 1 14b. A polarizer 1 17b is glued on 
the external surface of the base member 111b (the top side of the base member 1 1 lb in 
Fig. 22). 

[0241] Referring to Fig. 21, for clarity, the second electrodes 1 14b are drawn with 
the spacing therebetween wider than the actual spacing thereof and the number of the second 
electrodes 1 14b is smaller than the actual number thereof. In practice, a large number of first 
electrodes 1 14b are arranged on the base member 1 1 lb. 

[0242] Referring to Fig. 22, the gap (the so-called cell gap), enclosed by the first 
substrate 107a, the second substrate 107b, and the sealing member 108, is filled with a liquid 
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crystal, such as an STN (Super Twisted Nematic) liquid crystal L. A large number of small 
spherical spacers 1 19 are dispersed within the region between the first substrate 107a and the 
second substrate 107b. The presence of these spacers 1 19 in the cell gap keeps the thickness 
of the cell gap constant. 

[0243] The first electrodes 1 14a and the second electrodes 1 14b are arranged 
mutually perpendicular to each other, thereby forming intersections thereof in a dot matrix if 
viewed from the arrow D in Fig. 22. An intersection at each point of matrix constitutes a 
display dot. In the color filter 1 18, R (red), G (green), and B (blue) display dots are arranged 
in a predetermined pattern such as a stripe configuration, a delta configuration, or a mosaic 
configuration, if viewed from the arrow D. The single display dot corresponds to each of R 
(red), G (green), and B (blue) dots, and the three R (red), G (green), and B (blue) display dots 
correspond to a single pixel. 

[0244] By selectively turning on a plurality of display dots (namely, pixels) 
arranged in a dot matrix, characters and numbers are presented on the second substrate 107b 
of the liquid-crystal panel 102. An area where an image is presented is an effective pixel 
area. A planar rectangular area indicated by an arrow V in Fig. 21 and Fig. 22 is the effective 
display area. 

[0245] Referring to Fig. 22, the reflective layer 1 12 is fabricated of a light reflective 
material such as an APC alloy or Al (aluminum). An aperture 121 is opened corresponding 
to a display dot where one first electrode 1 14a intersects one second electrode 1 14b. The 
apertures 121 are thus formed in a dot matrix, if viewed from the arrow D, in the same 
manner as the display dot. 

[0246] The first electrodes 1 14a and the second electrodes 1 14b are fabricated of an 
ITO, which is an electrically conductive, transparent material. The alignment layers 1 16a and 
1 16b are formed by applying a polyimide based resin to a uniform thickness. When the 
alignment layers 1 16a and 1 16b are subjected to a rubbing process, the initial orientation of 
liquid crystal molecules are determined on the first substrate 107a and the second substrate 
107b. 

[0247] Referring to Fig. 21, the first substrate 107a is wider in area than the second 
substrate 107b. When they are bonded using the sealing member 108, the first substrate 107a 
has a substrate extension portion 107c outwardly projecting out of the formation area of the 
second substrate 107b. A substrate extension area 107c bears extension lines 1 14c leading 
from the first electrodes 1 14a, extension lines 1 14d connected to the second electrodes 1 14b 
on the second substrate 107b through conductor members 109 (see Fig. 22) present within the 
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sealing member 108, input bumps for the liquid-crystal driving IC 103a (namely, the input 
terminals) and metal wirings 1 14f connected to input bumps of the liquid-crystal driving IC 
103b. 

[0248] In this embodiment, the extension lines 1 14c leading from the first 
electrodes 1 14a and the extension lines 1 14d leading to the second electrodes 1 14b are 
fabricated of ITO, which is the same material as that for the electrode, namely, the 
electrically conductive oxide. The metal wirings 1 14e and 1 14f on the input side of the 
liquid-crystal driving ICs 103a and 103b are fabricated of a low electrical resistance metal, 
such as the APC alloy. The APC alloy mainly contains Ag, and smaller contents of Pd and 
Cu. For example, the APC alloy contains 98% Ag, 1% Pd, and 1% Cu. 

[0249] The liquid-crystal driving IC 103a and the liquid-crystal driving IC 103b are 
mounted on the surface of the substrate extension area 107c using an ACF (Anisotropic 
Conductive Film) 122. This embodiment employs a so-called COG (Chip On Glass) liquid- 
crystal panel, in which a semiconductor chip is directly mounted on the substrate. In the 
COG structure, electrically conductive particles contained in the ACF 122 electrically 
connect the input bumps of the liquid-crystal driving IC 103 a and the liquid-crystal driving 
IC 103b to the metal wirings 1 14e and 1 14f, and the output bumps of the liquid-crystal 
driving IC 103a and the liquid-crystal driving IC 103b to the extension lines 1 14c and 1 14d. 

[0250] Referring to Fig. 21, the FPC 104 includes a circuit 126 including a flexible 
resin film 123 and chip components 124, and metal wiring terminals 127. The circuit 126 is 
directly mounted on the surface of the resin film 123 using an electrical connection method 
such as a soldering technique. The metal wiring terminals 127 are fabricated of an APC 
alloy, Cr, Cu, or other electrically conductive material. The metal wiring terminals 127 of the 
FPC 104 are respectively connected to the metal wirings 1 14e and 1 14f of the first substrate 
107a through the ACF 122. The electrically conductive particles contained in the ACF 122 
respectively electrically connect the metal wirings 1 14e and 1 14f of the substrate to the metal 
wiring terminals 127 of the FPC. 

[0251] External connection terminals 131, arranged on the opposed edge of the FPC 
104, are connected to an unshown external circuit. Signals from the external circuit drive the 
liquid-crystal driving ICs 103 a and 103b so that one of the first electrode 1 14a and the second 
electrode 1 14b is supplied with a scanning signal, and so that the other of the first electrode 
1 14a and the second electrode 1 14b is supplied with a data signal. A dot matrix of display 
dots arranged in the effective display area are thus voltage controlled on a pixel by pixel 
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basis. As a result, the orientation of the liquid crystal L is controlled on a pixel by pixel 
basis. 

[0252] Referring to Fig. 21, the illumination unit 106, functioning as a back light, 
includes a light guide body 132 of acrylic resin, a diffusion sheet 133 arranged on a light exit 
surface 132b of the light guide body 132, a reflective sheet 134 arranged on the opposite 
surface of the light guide body 132 opposed to the light exit surface 132b, and an LED (Light 
Emitting Diode) 136 as a light source as shown in Fig. 22. 

[0253] The LED 136 is supported by an LED board 137, and the LED board 137 
together with the light guide body 132 is fixed on a base (not shown). With the LED board 
137 mounted in a predetermined position on the base, the LED 136 is positioned to face a 
light entrance surface 132a which is the end face of the light guide body 132. Designated 
reference numeral 138 is a buffer material for lessening a shock that can act on the liquid- 
crystal panel 102. 

[0254] When the LED 136 lights, light is guided through the light entrance surface 
132a into the light guide body 132, and travels while being reflected from the reflective sheet 
134 and the walls of the light guide body 321, and is then output through the light exit surface 
132b and then the diffusion sheet 133 as flat light. 

[0255] Since the liquid-crystal device 101 is constructed as described above, 
external light is captured into the liquid-crystal panel 102 from the second substrate 107b as 
shown in Fig. 22 when the external light, such as sunlight or ambient light, is sufficiently 
strong. The light is then transmitted through the liquid crystal L, is then reflected from the 
reflective layer 112, and is fed to the liquid crystal L. The first electrodes 1 14a and the 
second electrodes 1 14b sandwiching the liquid crystal L control the liquid crystal L in 
orientation according to R (red), G (green), and B (blue) display dots. Light fed to the liquid 
crystal L is modulated on a display dot by display dot basis. A combination of light 
transmitted through the polarizer 1 17b and light not transmitted through the polarizer 1 17b 
thus presents an image such as characters and numbers on the liquid-crystal panel 102. The 
reflective type display is thus presented. 

[0256] When no sufficiently strong light is obtained, the LED 136 operates, 
emitting flat light from the light exit surface 132b of the light guide body 132. The light is 
fed to the liquid crystal L through the aperture 121 formed in the reflective layer 112. In the 
same manner as in the reflective type display, the light supplied is modulated through the 
liquid crystal L which is controlled in orientation on a display dot by display dot basis, and an 
image is thus displayed. A transmissive type display is thus presented. 
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[0257] The liquid-crystal display 101 having the above-referenced construction is 
manufactured using the method and apparatus for manufacturing the liquid-crystal display in 
accordance with the present invention, specifically, using the method described in Fig. 20. In 
this manufacturing method, a series of step PI through step P6 produces the first substrate 
107a, and a series of step PI 1 through step P14 produces the second substrate 107b. The first 
substrate manufacturing process and the second substrate manufacturing process are typically 
independently performed. 

[0258] In the first substrate manufacturing process, a plurality of reflective layers 
1 12 of the liquid-crystal panel 102 is formed on the mother substrate material having a large 
area and fabricated of transparent glass, transparent plastic, etc., using the photolithographic 
technique. The insulator layer 113 is then formed on the reflective layer 112 (step PI) using 
a known technique. The first electrodes 1 14a, lines 1 14c, 1 14d, 1 14e, and 1 14f are then 
formed through the photolithographic process (step P2). 

[0259] The alignment layer 1 16a is applied on the first electrodes 1 14a through a 
printing process (step P3). A rubbing process is then performed on the alignment layer 1 16a 
to determine the initial alignment of the liquid crystal (step P4). The sealing member 108 is 
deposited in a ring configuration through the screen print technique, for example (step P5). 
The spherical spacers 1 19 are then dispersed on the sealing member 108 (step P6). The 
large-area first mother substrate having a plurality of panel patterns of the first substrate 107a 
of the liquid-crystal panel 102 is thus obtained. 

[0260] The second substrate manufacturing process (step PI 1 through step PI 4 in 
Fig. 20), different from the first substrate manufacturing process, is performed. A large-area 
mother substrate, fabricated of transparent glass, transparent plastic, etc., is prepared. A 
plurality of color filters 118 of the liquid-crystal panels 102 is formed on the surface of the 
mother substrate (step PI 1). The color filter is produced using the manufacturing method 
illustrated in Fig. 6. In accordance with the manufacturing method, the filter elements for R 
(red), G (green), and B (blue) are produced using the ink-jet means (liquid-drop material 
discharge means) 16 illustrated in Fig. 8. The method for manufacturing the color filter and 
the control method of the ink-jet means (liquid-drop material discharge means) remain the 
same as those already discussed. 

[0261] When the color filter 1, namely, the color filter 1 18 is formed on the mother 
substrate 12 as illustrated in Fig. 6(d), namely, on the mother substrate material, the second 
electrodes 1 14b are then formed using the photolithographic technique (step PI 2). Through 
an application process or printing process, the alignment layer 1 16b is then formed (step 



45 

PI 3). The rubbing process is performed on the alignment layer 1 16b to determine the initial 
alignment of the liquid crystal (step PI 4). The large-area second mother substrate having a 
plurality of panel patterns of the second substrates 107b of the liquid-crystal panels 102 is 
thus obtained. 

[0262] After the production of the large-area first and second mother substrates, the 
mother substrates are aligned to each other and bonded together with the sealing member 108 
sandwiched therebetween (step P21). A blank panel structure having a plurality of blank 
liquid-crystal panels with no liquid crystal encapsulated results. 

[0263] The completed blank panel structure is scribed along predetermined lines, 
and is then broken or diced along the scribe lines (step P22). In this way, the square blank 
panels with liquid-crystal injection ports 110 (see Fig. 21) of the sealing members 108 
outwardly exposed are produced. 

[0264] The liquid crystal L is introduced into each liquid-crystal panel through the 
exposed liquid-crystal injection port 1 10, and the liquid-crystal injection port 1 10 is then 
closed with resin or the like (step P23). In a typical liquid-crystal injection process, a liquid 
crystal is stored in a container, the container and the rectangular blank panel are placed into a 
chamber, the chamber is then evacuated, the blank panel is then immersed into the liquid 
crystal, and then the chamber is opened to the atmospheric pressure. Since the blank panel is 
now in vacuum, the liquid crystal pressurized by the atmospheric pressure is injected into the 
panel through the liquid-crystal injection port 110. Since the liquid crystal clings to the 
panel, the rectangular panel is cleaned in step P24 subsequent to the liquid-crystal injection 
process. 

[0265] Subsequent to the liquid-crystal injection and cleaning, the rectangular 
mother panel is scribed, and the rectangular panel is then diced along the scribe lines into 
individual liquid-crystal panels (step P25). Referring to Fig. 21, the driving ICs 103a and 
102b are mounted on, the illumination unit 106 is attached to, and then the FPC 104 is 
connected to the individual liquid-crystal panels 102 thus produced. A desired liquid-crystal 
display 101 results (step P26). 

[0266] In the method and apparatus for manufacturing the liquid-crystal display, the 
features of the manufacturing method is taken advantage of in the manufacturing phase of the 
color filter in particular. The light transmissivity of the color filter is thus efficiently made 
uniform in plan view. The liquid-crystal display 101 shown in Fig. 22 presents a sharp color 
display free from non-uniformity in color. 
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[0267] In the method and apparatus of the present invention for manufacturing the 
liquid-crystal display, the ink-jet head (liquid-drop material discharge head) 22 in the ink-jet 
device (liquid-drop material discharge device) 16 illustrated in Fig. 8 ejects ink to form the 
filter elements 3. The present invention thus eliminates the need for complex steps like the 
photolithographic process, and does not waste materials. 

[0268] The method of the present invention for manufacturing the 
electroluminescence substrate remains substantially identical to the above-referenced method 
for manufacturing the color filter except that a functional layer forming material is used 
instead of the filter material. One embodiment of the method for manufacturing the 
electroluminescence substrate is discussed below. The functional layer here includes a hole 
injection and transfer layer or a light emission layer. The functional layer forming material 
here includes a hole injection and transfer layer forming material or a light emission layer 
forming material. 

[0269] Referring to Fig. 1(a), a print head (liquid-drop material discharge 
mechanism) 22a is formed by arranging at least one ink-jet head (liquid-drop material 
discharge head) 22 with a predetermined spacing therebetween, each head 22 including a 
plurality of nozzles 27 with a constant layout pitch of (D). The print head (liquid-drop 
material discharge mechanism) 22a scans a substrate 2 for main scan in a head scan direction 
at a fixed direction (namely, an X direction which is a vertical direction in Fig. 1(a)) while 
scanning, by a predetermined motion pitch (P), the substrate 2 for sub scan in a head line- feed 
direction (namely, a Y direction which is a horizontal direction in Fig. 1(a)) which is 
perpendicular to the head scan direction X. 

[0270] During the main scan operation and the sub scan operation, a plurality of 
nozzles 27 arranged in at least one ink-jet head (liquid-drop material discharge head) 22 
selectively ejects the functional layer forming material to a functional layer formation regions 
(namely, display dots). As required, the ink-jet head (liquid-drop material discharge head) 22 
repeats the main scan and the sub scan, thereby depositing the functional layer forming 
material on the functional layer formation regions of the substrate 2 to a predetermined shape 
and to a predetermined thickness. In this way, the functional layer having the predetermined 
shape and the predetermined thickness is formed in each display dot in the substrate 2. 

[0271] In the method of this embodiment for manufacturing the 
electroluminescence substrate, let "D" represent the constant layout pitch of the nozzles 27 
and let "W M represent the spacing between two closest nozzles 27 at the closest ends of the 
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two adjacent ink-jet head (liquid-drop material discharge head) 22, and the following 
equation holds: 

[0272] W=mD (m is an integer of 2 or larger). 

[0273] In other words, the spacing W between two mutually closest nozzles 27 at 
the closest ends of the two adjacent ink-jet heads (liquid-drop material discharge heads) 22 
equals an integer multiple of the layout pitch D of the nozzles 27. 

[0274] Similarly, referring to Fig. 1(b), let "P" represent a sub scanning motion 
pitch of the print head (liquid-drop material discharge mechanism) 22a in the head line- feed 
direction, and let "D" represent a constant layout pitch of the nozzles 27, and the following 
equation holds: 

[0275] P=nD (n is an integer of 1 or larger). 

[0276] In other words, the sub scanning motion pitch P of the ink-jet head (liquid- 
drop material discharge head) 22 equals an integer multiple of the layout pitch D of the 
nozzles 27. 

[0277] When the above relationships hold among the nozzle spacing W between the 
adjacent ink-jet heads (the liquid-drop material discharge heads), the sub scanning motion 
pitch P, and the layout pitch D of the nozzles, all nozzles 27 are precisely aligned with the 
functional layer formation regions, and then pass right above the functional layer formation 
regions during the main scan operation and the sub scan operation. For this reason, printing 
efficiency is heightened, and ink is ejected at an appropriate position. The functional layer, 
namely, the pixel having a uniform surface shape and a uniform thickness is formed on the 
substrate 2. 

[0278] In this embodiment, at least one and each of ink-jet head (liquid-drop 
material discharge head) 22 is arranged at an inclination angle of 0 with respect to the head 
line- feed direction Y. The angle 0 is greater than 0° but smaller than 180°. 

[0279] At least one nozzle 27 located at each of both ends of at least one ink-jet 
head (liquid-drop material discharge head) 22 is designed not to eject the functional layer 
forming material to the functional layer formation region on the substrate 2. 

[0280] The functional layer forming material may include materials of three 
emission colors of R (red), G (green), and B (blue). At least one ink-jet head (liquid-drop 
material discharge head) 22 may have the structure shown in Fig. 15. 

[0281] The apparatus of the present invention for manufacturing the 
electroluminescence substrate is substantially identical in construction to the apparatus for 
manufacturing the color filter device. Specifically, the apparatus of the present invention for 



48 

manufacturing the electroluminescence substrate produces an electroluminescence substrate 
with the functional layer having a predetermined shape and a predetermined thickness. One 
embodiment of the apparatus for manufacturing the electroluminescence substrate is 
discussed below. The functional layer here includes a hole injection and transfer layer or a 
light emission layer. The functional layer forming material here includes a hole injection and 
transfer layer forming material or a light emission layer forming material. 

[0282] Referring to Fig. 1, the apparatus of this embodiment for manufacturing the 
electroluminescence substrate includes a print head (a liquid-drop material discharge 
mechanism) 22a including at least one ink-jet head (a liquid-drop material discharge head) 22 
arranged with a predetermined spacing, each head 22 having a plurality of nozzles 27 
arranged with a predetermined layout pitch (D). The plurality of nozzles 27 selectively ejects 
the functional layer forming material to the functional layer formation regions on the 
substrate 2, forming the functional layer on the substrate 2. 

[0283] Unshown functional layer forming material feeder device is connected to the 
plurality of nozzles 27 in the print head (liquid-drop material discharge mechanism) 22a. The 
functional layer forming material feeder device supplies the nozzles 27 with the functional 
layer forming material. Unshown main scan driving means is connected to the print head 
(liquid-drop material discharge mechanism) 22a. When the main scan driving means works, 
the print head (liquid-drop material discharge mechanism) 22a scans a substrate 2 for main 
scan in a head scan direction at a fixed direction (namely, a vertical direction X in Fig. 1(a)). 

[0284] Unshown sub scan driving device is connected to the print head (liquid-drop 
material discharge mechanism) 22a. When the sub scan driving device works, the print head 
(liquid-drop material discharge mechanism) 22a scans the substrate 2 for sub scan in a head 
line- feed direction (namely, a horizontal direction Y in Fig. 1(a)) which is perpendicular to 
the head scan direction X by a predetermined motion pitch (P). Furthermore, nozzle 
discharge control device is connected to the nozzles 27. When in operation, the nozzle 
discharge control device controls the discharge amount and the discharge time of the 
functional layer forming material. 

[0285] The operation of the main scan driving means is controlled by main scan 
control means including a CPU. The operation of the sub scan driving means is controlled by 
sub scan control device including a CPU. 

[0286] The print head (liquid-drop material discharge mechanism) 22a moves in the 
head scan direction (namely, a vertical direction X in Fig. 1(a)) which is a fixed direction, 
thereby main-scanning the substrate 2. At the same time, the print head (liquid-drop material 
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discharge mechanism) 22a moves in the head line-feed direction Y in steps of a 
predetermined motion pitch (P), thereby sub-scanning the substrate 2. 

[0287] During the main scan operation and the sub scan operation, a plurality of 
nozzles 27 arranged in at least one ink-jet head (liquid-drop material discharge head) 22 
selectively ejects the functional layer forming material to a functional layer formation regions 
on the substrate 2. As required, the ink-jet head (liquid-drop material discharge head) 22 
repeats the main scan and the sub scan, thereby depositing the functional layer forming 
material on the functional layer formation regions of the substrate 2 to a predetermined shape 
and to a predetermined thickness. In this way, the functional layer having the predetermined 
shape and the predetermined thickness is formed on the substrate 2. 

[0288] In the apparatus of this embodiment for manufacturing the 
electroluminescence substrate, let "D" represent the constant layout pitch of the nozzles 27 
and let "W" represent the spacing between two closest nozzles 27 at the closest ends of the 
two adjacent ink-jet head (liquid-drop material discharge head) 22, and the following 
equation holds: 

[0289] W=mD (m is an integer of 2 or larger). 

[0290] In other words, the spacing W between two mutually closest nozzles 27 at 
the closest ends of the two adjacent ink-jet heads (liquid-drop material discharge heads) 22 
equals an integer multiple of the layout pitch D of the nozzles 27. 

[0291] Similarly, referring to Fig. 1(b), let "P" represent a sub scanning motion 
pitch of the print head (liquid-drop material discharge mechanism) 22a in the head line-feed 
direction, and let "D" represent a constant layout pitch of the nozzles 27, and the following 
equation holds: 

[0292] P=nD (n is an integer of 1 or larger). 

[0293] In other words, the sub scanning motion pitch P of the ink-jet head (liquid- 
drop material discharge head) 22 equals an integer multiple of the layout pitch D of the 
nozzles 27. 

[0294] When the above relationships hold among the nozzle spacing W between the 
adjacent ink-jet heads (the liquid-drop material discharge heads), the sub scanning motion 
pitch P, and the layout pitch D of the nozzles, all nozzles 27 are precisely aligned with the 
functional layer formation regions, and then pass right above the functional layer formation 
regions during the main scan operation and the sub scan operation. For this reason, printing 
efficiency is heightened, and ink is ejected at an appropriate position. The functional layer, 
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namely, the pixel having a uniform surface shape and a uniform thickness is formed on the 
substrate 2. 

[0295] In this embodiment, at least one and each of ink-jet head (liquid-drop 
material discharge head) 22 is arranged at an inclination angle of 0 with respect to the head 
line- feed direction Y as shown in Fig. 2. The angle 0 is greater than 0° but smaller than 180°. 
(Modifications of the Method and Apparatus for Manufacturing the Electroluminescence 
Substrate) 

[0296] In the above-referenced method and apparatus for manufacturing the 
electroluminescence device, a plurality of panels 1 1 is formed in the mother substrate 12. 
Using the ink-jet head (liquid-drop material discharge head) 22 smaller than the panel 1 1, the 
functional layer is formed in the panel 1 1 . Alternatively, a nozzle row 28 having a length 
longer than one side of a single panel 1 1 but shorter than one side of the mother substrate 12 
may be used to form the functional layer in a single mother substrate 12. 

[0297] In the above discussion, the plurality of panels 1 1 is formed in the mother 
substrate 12. In this case, a single column of panels 1 1 may be formed in the mother 
substrate 12. Alternatively, a single panel 11, having the size substantially equal to that of 
the mother substrate 12 or significantly smaller than that of the mother substrate 12, may be 
formed in the mother substrate 12. 

[0298] In the ink-jet device (liquid-drop material discharge device) 16 shown in 
Fig. 8 and Fig. 9, the print head (liquid-drop material discharge mechanism) 22a moves in the 
X direction in the main scan operation while the mother substrate 12 is moved by the sub 
scan driving means 21 in the Y direction so that the print head (liquid-drop material discharge 
mechanism) 22a sub scans the mother substrate 12. Conversely, the mother substrate 12 may 
be moved in the Y direction in the main scan operation while the ink-jet head (liquid-drop 
material discharge head) 22 may be moved in the X direction in the sub scan operation. 

[0299] The method and apparatus for manufacturing the electroluminescence 
substrate in accordance with the present invention are substantially identical in construction 
to the method and apparatus for constructing the liquid-crystal display, respectively. 
Specifically, the method for manufacturing the electroluminescence device in accordance 
with one embodiment of the present invention produces the electroluminescence substrate. 
The produced electroluminescence substrate is diced into a predetermined number of panels. 

[0300] A protective layer and a common electrode are formed on the substrate 
(namely, a common electrode substrate) used as the electroluminescence substrate of the 
panel. Display-dot electrodes, including a pair of electrodes, and facing the common 
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electrode, are formed on a substrate opposed to and paired with the common electrode 
substrate (namely, a display-dot electrode substrate). 

[0301] The apparatus for manufacturing the electroluminescence device in 
accordance with the present invention produces an electroluminescence device including one 
substrate, for example, a common electrode substrate, and a counter substrate, opposed to the 
first substrate, such as a display-dot electrode substrate. The functional layer having a 
predetermined shape and a predetermined thickness is formed on the common electrode 
substrate, thereby fabricating the electroluminescence substrate. Furthermore, a protective 
layer and a common electrode are formed on the common electrode substrate. Display-dot 
electrodes, including a pair of electrodes, and facing the common electrode, are formed on a 
substrate opposed to and paired with the common electrode substrate. 

[0302] Fig. 23 is a process chart of the method for manufacturing the 
electroluminescence device in accordance with one embodiment of the present invention. 
Fig. 24 illustrates cross-sectional structures of the electroluminescence device corresponding 
to the process chart illustrated in Fig. 23. Referring to Fig. 24(d), in the manufacturing of the 
electroluminescence device 201, pixel electrodes 202 are formed on a transparent substrate 
204, banks 205 are arranged between the pixel electrodes 202 in a grid configuration, if 
viewed from an arrow G, an R color light emission layer (functional layer) 203R, a G color 
light emission layer (functional layer) 203 G, and a B color light emission layer (functional 
layer) 203B are formed in the respective recesses of the grid in a predetermined configuration 
such as a stripe configuration if viewed from the arrow G, and a counter electrode 213 is then 
formed on the light emission layers. 

[0303] When the pixel electrode 202 is formed of a two-terminal active element, 
such as a TFD (Thin-Film Diode), the counter electrode 213 is shaped into stripes if viewed 
from the arrow G. When the pixel electrode 202 is formed of a three-terminal active element 
such as a TFT (Thin-Film Transistor), the counter electrode 213 is shaped as a single and 
planar electrode. 

[0304] A region sandwiched between each pixel electrode 202 and the counter 
electrode 213 becomes a single display dot. Three display dots of the R (red), G (green), and 
B (blue) colors as a unit form a single pixel. By controlling a current flowing into the display 
dot, any desired one of the plurality of display dots is selected to light. In this way, a desired 
full-colored image is presented in the direction represented by an arrow H. 

[0305] The electroluminescence device 201 is manufactured in accordance with the 
manufacturing method illustrated in Fig. 23. Referring to step P51 and Fig. 24(a), active 
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elements such as TFD elements or TFT elements are formed on the surface of the transparent 
substrate 204, and then the pixel electrodes 202 are formed. Used as the formation method is 
a photolithographic method, a vacuum deposition method, a sputtering method, or a pyrosol 
method. Available as a pixel electrode material is ITO (Indium Tin Oxide), tin oxide, or a 
composite oxide from indium oxide and zinc oxide, for example. 

[0306] Referring to step S52 and Fig. 24(a), banks 205, namely, partitioning walls 
are formed using a known patterning method, for example, the photolithographic method. 
The bank 205 fills the gap between the pixel electrodes 202. This arrangement improves 
contrast, and prevents color mixing of the functional layer forming materials, and light 
leaking between the pixels. The material of the bank 205 is not limited to any particular one 
as long as the material has sufficient resistance to a solvent of the functional layer forming 
material. A preferred material for the bank 205 may be the one which is resinified through 
the fluorocarbon plasma process. For example, organic materials, such as acrylic resin, 
epoxy resin, photosensitive polyimide, and the like are preferable. 

[0307] Prior to the application of the hole injection and transfer layer forming 
material (the functional layer forming material), the transparent substrate 204 is subjected to a 
continuous plasm process of oxygen gas and fluorocarbon gas plasma (step P53). The 
surface of polyimide becomes water repellant, and the surface of ITO becomes wettable. In 
this way, the wettability of the substrate is controlled to precisely pattern the substrate 
through the ink-jet drops. A device for generating plasma may be either a device for 
generating plasma in vacuum or a device for generating plasma in air. 

[0308] Referring to step P54 and Fig. 24(a), the ink-jet head (liquid-drop material 
discharge head) 22 in the ink-jet device (liquid-drop material discharge device) 16 illustrated 
in Fig. 8 ejects the hole injection and transfer layer forming material (the functional layer 
forming material), thereby applying the functional layer forming material in a pattern in the 
substrate 2. Specifically, the control method of the ink-jet head (liquid-drop material 
discharge head) is the one that has already discussed. After the application of the material, 
the solvent is removed in vacuum (1 torr, for example), at room temperature, and for 20 
minutes (step P55). A hole injection and transfer layer (functional layer) 220 not dissolved 
by the light emission layer forming material (the functional layer forming material) is formed 
by subjecting the substrate 2 to a heat treatment of 20°C (on a hot plate, for example) in the 
atmosphere for 10 minutes (step P56). The thickness of the layer is 40 nm or so. 

[0309] Referring to step S57 and Fig. 24(b), the R light emission layer forming 
material (the functional layer forming material) and the G light emission layer forming 
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material (the functional layer forming material) are applied through the hole injection and 
transfer layer 220 in each filter element region through an ink-jet method. Here again, the 
ink-jet head (liquid-drop material discharge head) 22 in the ink-jet device (liquid-drop 
material discharge device) 16 illustrated in Fig. 8 ejects each light emission layer forming 
material (function layer forming material). The control method of the ink-jet head (liquid- 
drop material discharge head) is the one already discussed. Using the ink-jet method, fine 
patterning is easily performed for a short period of time. The film thickness of the functional 
layer is controlled by changing the concentration of solid component of the ink and the 
discharge amount of the ink. 

[0310] After the application of the light emission layer forming materials 
(functional layer forming materials), the solvent is removed in vacuum (1 torr, for example), 
at room temperature, and for 20 minutes (step P58). The light emission layer forming 
materials are then subjected to heat treatment at a temperature of 150°C and for 4 hours under 
a nitrogen environment for conjugation, thereby becoming the R color light emission layer 
(functional layer) 203R and the G color light emission layer (functional layer) 203 G (step 
P59). The thickness of the layers is 50 nm or so. The light emission layers conjugated in the 
heat treatment remain undissolved by solvents. 

[0311] Prior to the formation of the light emission layers, the hole injection and 
transfer layer (functional layer) 220 is subjected to the continuous plasma process of oxygen 
gas and fluorocarbon gas plasma. In this way, a fluorine compound is formed on the hole 
injection and transfer layer (functional layer) 220, raising ionization potential and increasing 
hole injection efficiency. An organic electroluminescence device having a high light 
emission efficiency results. 

[0312] Referring to step P60 and Fig. 24(c), the B color light emission layer 203B is 
deposited on the display dots of the R color light emission layer 203R, the G color light 
emission layer 203G, and the hole injection and transfer layer 220. This arrangement not 
only allows light of the three primary colors of R (red), G (green), and B (blue) to emit, but 
also fills and planarizes steps between the R color light emission layer 203R, the G color light 
emission layer 203 G and the bank 205. Short circuiting between the upper and lower 
electrodes is thus reliably controlled. By adjusting the thickness of the B color light emission 
layer 203B, the B color light emission layer 203B functions as an electron injection and 
transfer layer in the laminate structure thereof with the R color light emission layer 203R and 
the G color light emission layer 203G, and does not emit B color light. 
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[0313] To form the B color light emission layer 203B, a spin coating technique 
typical of wet method may be used. Alternatively, the ink-jet method may be used like the 
formation method of the R color light emission layer 203R and the G color light emission 
layer 203G. Referring to step P61 and Fig. 24(d), the counter electrode 213 is formed. Thus, 
a desired electroluminescence device 201 results. When the counter electrode 213 is a 
surface electrode, the material for the counter electrode 213 may be Mg, Ag, Al, Li, or the 
like, and a film forming method such as deposition or sputtering may be used. When the 
counter electrode 213 is a stripe electrode, a film- formed electrode layer may be subjected to 
a patterning technique such as the photolithographic process. 

[0314] In accordance with the above-referenced method and apparatus for 
manufacturing the electroluminescence device, the control method of the ink-jet head (liquid- 
drop material discharge head) is the one that has already been discussed. Even if the ejected 
amount of functional layer forming material varies from nozzle to nozzle in the nozzles 27, 
variations in thickness from display dot to display dot in the plurality of dots are controlled. 
The light emission distribution characteristics of the light emission surface of the 
electroluminescence device are made uniform in plan view. In this way, the 
electroluminescence device 201 shown in Fig. 24(d) presents a sharp color display free from 
non-uniformity in color. 

[0315] In the method and apparatus of the present invention for manufacturing the 
electroluminescence device, the ink-jet head (liquid-drop material discharge head) 22 in the 
ink-jet device (liquid-drop material discharge device) 16 illustrated in Fig. 8 ejects the 
functional layer forming material to form the color display dots of R (red), G (green), and B 
(blue). The present invention thus eliminates the need for complex steps like the 
photolithographic process, and does not waste materials. 

[0316] A film forming apparatus of the present invention is constructed using the 
ink-jet device (liquid-drop material discharge device) 16 illustrated in Fig. 8. The ink-jet 
head (liquid-drop material discharge head) 22 used in the ink-jet device (liquid-drop material 
discharge device) 16 may be the ink-jet head (liquid-drop material discharge head) illustrated 
in Fig. 1, Fig. 2, Fig. 3, Fig. 4, Fig. 10, Fig. 11, Fig. 12, Fig. 13, Fig. 14, Fig. 15, Fig. 16 or 
Fig. 19. 

[0317] The ink ejected from the nozzles 27 in the ink-jet head (liquid-drop material 
discharge head) 22 is a film forming material in this embodiment. The pattern of the film is 
freely selected by appropriately controlling the nozzles 27 that emits the film forming 
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material when the ink-jet head (liquid-drop material discharge head) 22 main-scans and sub- 
scans the substrate. 

[0318] The film forming method of the present invention is carried out when the 
ink-jet device (liquid-drop material discharge device) 16 illustrated in Fig. 8 is controlled by 
the control circuit illustrated in Fig. 17 in accordance with the control program illustrated in 
Fig. 18. In this case, as well, the ink ejected from the ink-jet head (liquid-drop material 
discharge head) 22 is a film forming material selected in accordance with the type of a film 
desired on the substrate. 

[0319] Electronic equipment employing the liquid-crystal display of the present 
invention as an electrooptical device of the present invention is discussed here. Although the 
electronic equipment employing the liquid-crystal display of the present invention is 
discussed here, it should be understood that the present invention is not limited to this. The 
electronic equipment of the present invention may be the one which employs the 
electroluminescence device of the present invention or the electrooptical device that is 
manufactured in accordance with the film forming method of the present invention. 

[0320] Fig. 27 shows a digital still camera in which a liquid-crystal display 1 100 of 
a fourth embodiment of the present invention is incorporated as a finder. Fig. 27 is a 
perspective view showing the construction of the digital still camera, and also simply 
showing a connection with external devices. 

[0321] Ordinary cameras expose a film to the image of a subject, while a digital still 
camera 1200 produces a video signal by photoelectrically converting the image of a subject 
through an image pickup device, such as a CCD (Charge Coupled-Device). The digital still 
camera 2000 can include the liquid-crystal display panel, such as the above-referenced liquid- 
crystal display unit 1 100, behind a case 2202 (in front of the case 2202 in Fig. 27), and 
presents a display in accordance with the video signal from the CCD. The liquid-crystal 
display 1 100 functions as a finder for presenting the image of the subject. A light receiving 
unit 2204, including an optical lens and the CCD, is arranged on the front of the case 2202 
(on the back of the case 2202 in Fig. 27). 

[0322] When a photographer presses a shutter button 2206 recognizing the subject 
image presented on the liquid-crystal display 1 100, the video signal on the CCD at the 
moment is transferred to and stored in a memory in a circuit board 2208. In the digital still 
camera 2000, video signal output terminals 2212 and an input/output terminal 2214 for data 
communication are provided on one side surface of the case 2202. As shown in Fig. 27, as 
necessary, a television monitor 2300 is connected to the video signal output terminals 2212, 
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and a personal computer 2400 is connected to the input/output terminal 2214 for data 
communication. In response to predetermined operations, the video signal stored in the 
memory in the circuit board 2208 is output to the television monitor 2300 or the personal 
computer 2400. 

[0323] Figs. 28(A), 28(B) and 28(C) are external views of electronic equipment 
which incorporates a liquid-crystal display unit as the electrooptical apparatus of the present 
invention. Fig. 28(A) shows a mobile telephone 3000, which includes the liquid-crystal 
display 1 100 on the upper front surface thereof. Fig. 28(B) shows a wristwatch 4000, which 
includes the liquid-crystal display 1 100 on the center front thereof. Fig. 28(C) shows mobile 
information equipment 5000, which includes the liquid-crystal display 1 100 as a display and 
an input unit 5100. 

[0324] Besides the liquid-crystal display 1 100, these pieces of electronic equipment 
include a variety of circuits, such as a display information output source, a display 
information processing circuit, a clock generator circuit, and a display signal generator unit 
including a power source circuit for supplying these circuits with power. The display 
presents a video image in the mobile information equipment 5000, when it is supplied with 
the video signal generated by the display signal generator in response to information from the 
input unit 5100. 

[0325] It should be understood that electronic equipment which incorporates the 
liquid-crystal display unit 1 100 of the present invention is not limited to the digital still 
camera, the mobile telephone, the wristwatch, and the mobile information equipment, and 
may be any of diversity of electronic equipment, such as electronic pocketbook, pager, POS 
terminal, IC card, mini disc player, liquid-crystal projector, multi-media grade personal 
computer (PC), engineering workstation (EWS), notebook type personal computer, word 
processor, television, viewfinder type or direct-monitor viewing type video tape recorder, 
electronic pocketbook, electronic tabletop calculator, car navigation system, apparatus having 
a touch panel, clock, and the like. 

[0326] It should also be understood that the present invention is not limited to the 
above-referenced embodiments, and may be applied to industrial applications which require a 
fine pattern on a substrate. For example, the present invention finds applications in the 
formation of a variety of semiconductor elements (such as thin-film transistors, thin-film 
diodes, and the like), wiring patterns, and insulators. 

[0327] The discharge material in this invention may be any of a variety of materials 
depending on an element to be produced. For example, besides the filter material, the 
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functional layer forming material, and the film forming material, silica glass precursor, 
electrically conductive materials such as metal compounds, dielectric materials or 
semiconductor materials may be used. The present invention may be applied to form a metal 
wiring on a substrate or on a thin film arranged on the substrate. 

[0328] In the discussion of the above-referenced embodiments, the phrase "ink-jet 
head (liquid-drop material discharge head)" is used to differentiate it from the other elements. 
The discharge material ejected from the ink-jet head (liquid-drop material discharge head) is 
not limited to ink. For example, the discharge material may be the above-described 
functional layer forming material, the silica glass precursor, the electrically conductive 
material such as the metal compound, the dielectric material, or the semiconductor material. 

[0329] In the above-referenced embodiments, the ink-jet head (liquid-drop material 
discharge head) for ejecting the ink (the liquid material) by means of deformation of a 
piezoelectric element is used. An ink-jet head (liquid-drop material discharge head) having 
any construction may be used. For example, a thermal ink-jet head (liquid-drop material 
discharge head) making use of thermal expansion of the ink (the liquid material) may be 
used. 

[0330] It should also be understood that the present invention is not limited to the 
electrooptical device, such as the liquid-crystal device and the electroluminescence device, 
but also to a variety of electrooptical devices which needs film formation of metal wirings. 
For example, the present invention may be applied to electrooptical devices including an 
inorganic electroluminescence device, a plasma display (PDP), an electrophoretic display 
(EPD), and a field emission display (FED). 

[0331] The liquid-crystal display as one example of the electrooptical device shown 
in Fig. 21 is a passive-matrix liquid-crystal display. The present invention is applied to an 
active-matrix electrooptical device, such as a TFD (Thin-Film Diode) which uses a two- 
terminal switching element as an active element, and to an active-matrix electrooptical 
device, such as a TFT (Thin-Film Transistor) which uses a three-terminal switching element 
as an active element. 

[0332] As described above, the present invention allows all nozzles, namely, 
elements of an ink-jet head (a liquid-drop material discharge head) to precisely pass over 
pixel formation regions when a print head (a liquid-drop material discharge mechanism) 
scans. Printing efficiency is high. The ink-jet head (the liquid-drop material discharge head) 
is precisely moved to scan an object to eject ink at an appropriate position. 
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[0333] The present invention controls variations in color from pixel to pixel, 
thereby making uniform optical characteristics of an optical member in plan view, such as 
light transmissivity characteristics of a color filter, color presentation characteristics of the 
liquid-crystal display, and light emission characteristics of the functional layer. 



